hep-ex/9903019 12 Mar 1999

Analytical Representation of the Longitudinal Hadronic Shower Development

Y.A. Kulchitsky

Institute of Physics, National Academy of Sciences, Minsk, Belarus & JINR, Dubna, Russia

V.B. Vinogradov

JINR, Dubna, Russia

Abstract

The analytical representation of the longitudinal hadronic shower development from the face of a calorimeter is presented and compared with experimental data. The suggested formula is particularly useful at designing, testing and calibration of huge calorimeter complex like in ATLAS at LHC.

One of the important questions of hadron calorimetry is the question of the longitudinal development of hadronic showers [1]. For analysing of energy depositions in various depths of calorimeters it is necessary to have the analytical representation of longitudinal shower development from the face of calorimeter. Such formula is particularly useful at designing, testing and calibration of huge calorimeter complex like in ATLAS [2] at LHC.

There is well known parameterisation of longitudinal shower development from shower origin suggested by Bock et al. [3]: dE_s(x) dx = k { w ( x X_o )a�1_e�_{b xXo + (1} � w)^{( x}_{λI}^{)a} �1_e�_{d xλI}^}_{, (1)}

where X_o is the radiation length, λ_I is the interaction length, a, b, d, w are parameters, k is the normalisation factor. In this work we use the values of parameters obtained in [4]: a = 0.786 + 0.427 � lnE, b = 0.29, d = 0.978, ω = 1.032 � 0.159 � lnE.

In practice, the calorimeter longitudinal segmentation is unsufficient for precise determination of shower vertex position. Because of it is necessary to integrate the longitudinal profile from shower origin over the shower position: dE(x) dx = x∫ 0 dE_s(x � x_v) dx e�^{xv}_{λI dxv, (2)} where x_v is a coordinate of the shower vertex.

In given work the analytical representation of the hadronic shower longitudinal development from the calorimeter face has been derived.

It turns out that dE(x) dx = N { wX_o a ( x X_o )a e�b^x_{Xo 1F1}^(_{1, a + 1,}^(_b �^Xo_{λI}^{) x}_{Xo}^) + (1 � w)λI_a^( x_{λI}^{)a}_e�d x_{λI 1F1}^(_{1, a + 1,} �_{(1} �_{d)} x_{λI}^{)}}_{, (3)}

where_1F_1(α, β, z) is the confluent hypergeometric function [5] and N is the normalisation factor. The confluent hypergeometric function in the first term of formula (3) can be calculated by using the following relation:

1F_1(1, a + 1, z) = az�^ae^z γ(a, z), (4)

where γ(a, z) is the incomplete gamma function [5]. This function can be calculated by using the entry G106 in the program library [6]. The confluent hypergeometric function in the second term can be calculated by using the series development:

1F_1(1, a + 1, �z) = 1 � z a + 1 + z^2 (a + 1)(a + 2)

+ . . . . (5)

This series has the remarkable property: at a = 0 it corresponds to the function e�^z. For real calorimeters with longitudinal size usually less then 10 λ_I the value of z = (1 � d)^x_{λI} does not exceed 0.2. Therefore it is sufficient only 3 terms in order to calculate the function_1F_1(1, a + 1, �z) with the precision of 0.1%.

The normalisation factor is N = E_{beam} / 1_∫ 0 dE(x) dx dx, (6) where E_{beam} is the beam energy. The integral in the denominator can be calculated by using the following relation [7]:

1_∫ 0 z^νe�^{λz}_1F_1(α, γ, kz) dz = Γ(ν + 1)λ�^ν�^1_2F_1 ( α, ν + 1, γ, k λ ) , (7)

where_2F_1(α, β, γ, z) is the hypergeometric function [5], which in our case have the very simple form:

2F_1(1, a + 1, a + 1, z) = 1 1 � z^{. (8)}

As a result we obtain N = E_{beam} λ_I Γ(a) (w X_o b�^a + (1 � w) λ_I d�^a)

. (9)

In Fig. 1 the calculations by formula (3) are shown and compared with the experimental data at 20 – 140 GeV obtained by using the conventional iron-scintillator calorimeter [4] and the one with innovative feature — the longitudinal orientation of the scintillating tiles [8]. The good agreement is observed.

So, now there is useful analytical formula which gives the possibility immediately to obtain the longitudinal shower energy deposition from calorimeter face.

References

[1] R.K. Bock and A. Vasilescu, The Particle Detector Briefbook, http://www.cern.ch/Physics/ParticleDetector/BriefBook.

[2] ATLAS Collaboration, ATLAS Technical Proposal for a General- Purpose pp experiment at the Large Hadron Collider, CERN/LHCC/ 94-93, CERN, Geneva, Switzerland.

ATLAS Collaboration, ATLAS Liquid Argon Calorimeter Technical Design Report, CERN/LHCC/96-41, ATLAS TDR 2, 1996, CERN, Geneva, Switzerland.

ATLAS Collaboration, ATLAS TILE Calorimeter Technical Design Report, CERN/LHCC/96-42, ATLAS TDR 3, 1996, CERN, Geneva, Switzerland.

[3] R.K. Bock et al., NIM 186 (1981) 533.

[4] E. Hughes, Proceedings of the First Int. Conf. on Calorimetry in HEP, p. 525, FNAL, Batavia, 1990.

[5] M. Abramovitz and I.A. Stegun eds., Handbook of Mathematical Functions, National Bureau of Standards, Applied mathematics, N.Y., Columbia Univ. Press, 1964.

[6] Application Software Group, CERN Program Library, 1995, CERN, Geneva, Switzerland.

[7] I.S. Gradshteyn and I.M. Ryzhik, Table of Integrals, Series, and Products, 5th ed., Academic Press, 1994.

[8] J.A. Budagov, Y.A. Kulchitsky, V.B. Vinogradov et al., Preprint JINR, E1-97-318, 1997, Dubna, Russia; ATLAS Internal note, TILE- CAL-No-127, 1997, CERN, Geneva, Switzerland.

Figure 1: Longitudinal profiles of the hadron showers of 20 GeV (crosses), 50 GeV (squares), 100 GeV (open circles) and 140 GeV (triangles) energies as a function of the longitudinal coordinate x in units λ_I for conventional iron-scintillator calorimeter [4] and of 100 GeV (black circles) for tile ironscintillator calorimeter [8]. The solid lines are calculations by function (3) with parameters from [4].