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Abstract

So called tagging jets and pile-up were simulated for the optimisation of the HF segmentation. The
energy resolution, angular resolution and efficiency of jet reconstruction are defined for different

calorimeter segmentation.



1 Introduction

High energy jets Ej.; ~ 1TeV) will be produced at the LHC in the reactiqn — (WW, ZZ — H)jj in the
pseudo rapidity rang2 < |p| < 5. The very forward calorimeter HF of the CMS detector will cover rapidity
range3 < |n| < 5. Athight luminosity10** em 25! (average number of the interactions per one bunch crossing
will be 25) pile-up effects will be rather large. It is important to find an optimal HF segmentation for reliable jets
reconstruction and for the effective separation tagging jets from pile-up background.

2 HF response simulation and jet finding

The jets were generated by means of the PYTHIA package in the pseudo rapidity3rangle| < 5. The
transverse energy of the jets ranges from 15 GeV to 200 GeV. The mean transverse energy is 58 GeV. Each jet was
considered as a mixture of hadrons (mainly) and gammas contained inja— ¢ cone around the direction of

the initial quark which given rise to this jet. Pile-up events were defined as mixture of hard minimum bias events.
The number of minimum bias events per bunch crossing was generated according to Poisson distribution with the
average value 25. Finally each bunch crossing produced one tagging jet and pile-up event.

There were analysed 4 types of HF segmentationxg space: 0.1x0.1, 0.2x0.2, 0.3x0.3 and 0.4x0.4. One
should note that for given types of segmentation the number of divisions of the rangeas 64, 32, 20, 16
correspondingly. The response of the HF was calculated as a sum of responses of all particles produced in bunch
crossing. The beam test results of quartz fiber calorinétefor initial pions were used for calculation of the
response to all types of hadrons. The results for initial electrons were used for simulation of the response to
gammas. For each cell of calorimeter particle shoiveras integrated according to analytical expression [1]

P = / . &(R)dzdy (1)

where

q’(R) = ClealR + 026a2R.

The hadron response was corrected taking into account measyiéd jm ratio.

The transverse energy for the pile-up evelifd*~*? is distributed uniformly on azimuth angle The depen-
dences of pile-up mean transverse energy on pseudorapiitghown in Fig. 1. It is a consequence that the
charged particle distribution is flat in pseudorapidity and particles transverse momentum is independé@hisn
dependence was approximated using function

BT () = Py — Py % ). 2

with parameter$; andP; listed in Table.

0.1x0.1 0.2x0.2 0.3x0.3 0.4x0.4
P, | 1.44-0.11| 5.6/40.30 | 11.940.7 | 22.4+1.2
P, | 0.24:0.03| 0.94+0.07 | 1.80+0.17 | 3.70+0.32

For each fired cell of HF the pile-up mean transverse energy has been subtracted.

The standard UA1 jet finding algorith{@] was used for the jet reconstruction. A search is made over all cells of

the calorimeter with the transverse energy above the seed thrdshgld; equals 0.75 or 1.5 or 2.25 or 3.0 GeV
corresponding to given segmentation. The cell with highest transverse energy becomes first jet initiator. The cells
inside cone radius = 0.5 are added vectorially to initiator. Therefore the direction of the jet candidate is defined.
Procedure of summing cells inside cone with smaller than 0.5 radius (e.g. 0.4) repeated around determined jet
candidate direction. Final jet energy and direction are defined. If transverse energy is more than 15 GeV and total
energy is more than 600 GeV this candidate named jet. This procedure was repeated until all cellsrapgye

have been assigned to jet. For the segmentation 0.4x0.4 we also used summing of cells around initiator in 3x3
matrix.

Note that in jet finding algorithm good developed in C[3Fand DO[4] experiments the parameter of cone radius
variates from 0.4 to 0.7.



The radial containment of jets is shown in Fig. 2. Approximately 95% of jet energy concentrated inside cone of
radius 0.3. We analysed jets withb < |n| < 4.5. We selected this range gfto have cone with radius 0.5 in
n — ¢ space around jet direction totally covered by the cells of the HF calorimeter.

3 Jetidentification and energy resolution

Fig. 3a shows plot for determined transverse jet eneﬂ‘ﬁ)t/ versus transverse ener@jet’gen of generated jet.
This distribution consists of two parts: one part whers’ ~ Et’et’ge” corresponds to correctly identified jets,
the second part wher®/*" is small and does not depend &1 9°" corresponds to pile-up background. To
determine more precisely criteria of jet identification it was calculated distaircg — ¢ space between jet found
and jet generated. Distribution of eventssois shown in Fig. 4. Jets with > rq correspond to pile-up. Fig. 3b
shows plotE; " versusE!“" 9" for jets withr < r,. This plot confirms that this area corresponds to correctly
identified jets.

In [5] it was suggested to use parameter of lateral jet Bi2&"

Er<0.5 ri - By

LAT =
Er<0.5 E;

®3)

Plot LAT versusE{et forr > ro (pile-up) is shown in Fig. 5a and fer< r, (tagging jets) is shown in Fig. 5b. Solid
line shows the cut which provides pile-up rejection 99% and dashed line shows rejection level 99.9%. Projection
along this line, i.e. distribution on

W =k« E}* — LAT )

provides the best separation between jets and pile-up. DistributioH$ for jets (- < ro) and pile-up £ > rg)
are shown in Fig. 6. Using these distributionsidnone can calculate efficiency of jet reconstruction for various
rejection factors. Arrows in Fig. 6 show bounid for pile-up rejection 99% and 99.9%.

Efficiency of the jet reconstruction is calculated as

N(r <ro, W > Wp)

N(T < 7“0) ©)

ef ficiency =

The efficiency of jet reconstruction is shown in Fig. 7 for the pile-up rejection 99% and 99.9%.
Fig. 8 shows the results of simulation of jet transverse energy resolution as a funcEé?‘i of

Jet transverse energy resolution and jet angular resolution for different calorimeter granularityes are shown in
Fig. 9.

4 Conclusion

It has been suggested method for jets reconstruction and rejection of pile-up in CMS HF calorimeter. The efficiency
of jet reconstruction smoothly depends on HF calorimeter transverse segmentation. The most sensitive value with
respect to segmentation is angular resolution. The segmentation up to 0.26x@x6gpace) which is equivalent

to 8x24 lattice could be considered for the design of HF calorimeter.
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Figure 1: The dependence of pile-up on pseudorapidity
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Figure 2: Jets containment
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Figure 3: Jet energy vs generated jets energy
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Figure 7: Efficiency of jet reconstruction
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Figure 8: Jet transverse energy resolutiorfys
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Figure 9: Energy resolution and angular resolution
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