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Abstract

The energy resolution of jets in the liquid argon end-cap calorimeter of ATLAS in
the configuration with and without a preshower has been studied. The dependence of
the resolution on the jet cone size has also been investigated. The studies are based on
detailed Monte Carlo simulations.






The ATLAS detector has a liquid argon (LAr) calorimeter in the end-cap region. It consists
of three parts: a hadronic calorimeter, an electromagnetic calorimeter and (optionally) a cold
preshower. The goal of this work is to estimate the energy resolution of jets, which can be
achieved in this set-up as function of boths, jet energy and jet size.

1 Simulation Procedure

Studies of the energy resolution of jets in the ATLAS end-cap calorimeter are based on detailed
Monte Carlo simulations.

Single d-quark jets are generated with the PYTHIA 5.7 program [1] at a pseudorapidity
n = 2.45 at six energy points: 40, 100, 200, 500, 1000 and 2000 GeV. This corresponds to
transverse energies of 7, 17, 34, 86, 171 and 343 GeV respectively. The number of jets per
energy point is 1000. The energy distribution of jets is shown in Fig. 1.

Simulations are done in the framework of the standard ATLAS software DICE/SLUG. For

the end-cap calorimeters the geometry version 2 is taken:
¢ hadronic LAr calorimeter (ENDH) with 7-coverage up to 3.3,
o electromagnetic LAr calorimeter (ENDE) with 7n-coverage up to 3.1,
e cold preshower (COPE) with n-coverage up to 2.7.

For the inner tracker the so-called "panel” geometry version is used. The distribution of material
(in absorbtion lengths Ag,) in the end-cap region as function of the pseudorapidity is shown in
Fig. 2.

The detector response to the final state particles from jets is simulated using the program

GEANT 3.21 2] with the FLUKA code for shower development.

2 Analyzing Procedure

In Fig. 3 the distributions of the energy, deposited in the hadronic and electromagnetic calorime-
ters and in the preshower (in the region 1.5 < n < 3.3), are shown for different values of the
initial jet energy. To switch from the deposited energy scale to the jet energy scale, calibration
constants should be applied for the different parts of the calorimeter.

To determine these calibration constants, a standard procedure, which minimizes the energy
resolution with respect to the generated jet energy, is applied. The reconstructed jet energy in
the i** event is defined as

M
Ei=3 C; Ey,
1=1
where E;; — energy deposited in j** part of the calorimeter in the ith event, C; — calibra-

tion constants, M — number of parts of the calorimeter with different calibration constants.
Calibration constants are determined by minimizing the following functional

N .
F =Y (E:— BI*),
1=1

where Efcc — energy of a jet in the :** event, N — number of events.
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The studies are done for two configurations of the end-cap calorimeter of ATLAS: without
and with a preshower. For the first configuration only energy depositions in the hadronic and
electromagnetic calorimeters are taken into account, using two calibration constants (defined
as mentioned above). For the second configuration the energy, deposited in the preshower, is
also considered, and three calibration constants are used. It should be stressed, that neither
longitudinal nor transverse structure of the end-cap calorimeters are used in this procedure,
therefore only one calibration constant per calorimeter/preshower is applied.

The energy dependence of the calibration constants, determined after two parameter min-
imization (for the configuration without a preshower) and after three parameter minimization
(for the configuration with a preshower), is shown in Fig. 4. This dependence is rather weak.

The resulting energy distributions after applying two or three calibration constants are
shown in Fig. 5 and Fig. 6 respectively for different values of the initial energy of jets. To
determine the energy resolution, Gaussian curves are fitted to these energy distributions in an
interval of £3¢ around the peak value. The mean value E and the standard deviation o from
this fit are used to calculate the resolution o/E. '

The matter of interést is not the energy resolution in the total volume of end-cap calorime-
ters, but the energy resolution using a limited space in pseudorapidity 7 and azimuthal angle ¢,
as determined from jet finding. For the present studies the following jet finding algorythm is
used: The reconstructed energy, defined after applying the calibration constants (determined
once for the total volume of end-cap calorimeters), is stored in a 18x64 matrix. This matrix
covers the end-cap volume (1.5 < 7 < 3.3 and full azimuthal range). Its granularity equals to
the transverse granularity of the hadronic end-cap calorimeter of An x Ap = 0.1 x 2m/64. In
each event a jet axis as a coordinate (ng, @o) is found by using a simple clustering algorythm.
The energy of the jet is detemined by summing energies of all cells with coordinates inside a
circle with the centre (no, o) and the radius R = \/(n —70)? + (¢ — po)?. The radius Ris a
measure of the jet cone size accepted.

3 Results and Conclusions

In Fig. 7 the energy resolution as a function of the variable 1/+/Ejpr is shown for different
volumes (the end-cap volume and the volume of jets with different sizes R). The data shown
are obtained with the two parameter minimization approach. The energy dependence of the
resolution is fitted by a linear sum with two terms:

o A

E  VEjr 5 1)
with a sampling term A and a constant term B. The results of the fit are plotted in Fig. 7 as
straight lines and printed in the right top corner of the corresponding plots.

The results of the fit show, that the parameterization (1) describes the energy dependence
of the resolution rather badly. The largest difference between data and fitted line is at small
jet energies: 40 and 100 GeV. Such a degradation of the energy resolution can be understood
considering the following arguments: At first, the average energies of hadrons in 40 and 100 GeV
jets are rather small: about 5 and 10 GeV respectively and the jet cone is rather wide. At
second, the thickness of materials of the inner tracker and cryostat walls in front of the end-cap
calorimeter is at least 0.5 ) (see Fig. 2). Energy losses there, should lead to the degradation of

the energy resolution.



To take into account these energy losses in front of the end-cap calorimeter one more term,the
so-called material term, which is independent of energy, can be added quadratically to (1):

c A C
=2 +B|o——, 2
E (\/EJET ) E;ser )

where C is a material term. The results of the fit (2) are shown in Fig. 7 as curves and printed
below the results of the fit by the (1). The ansatz (2) describes the energy dependence of the
resolution for all jet cones considered well.

The analysis of the energy dependence of the resolution, obtained with the usage of the
calibration procedure with three parameter minimization (see Fig. 8), leads to the same con-
clusion.

In Fig. 9 the sampling; constant and material terms, obtained by fitting the ansatz (2) to
the energy dependence of the resolution of jets for the configurations of the end-cap calorimeter
with and without a preshower, are plotted as function of the jet cone size considered. The
sampling term practically does not depend on the jet cone size in the range above R=0.6 for
both configurations. The constant term increases slightly with decreasing jet cone size. But
the most significant dependence is observed for the material term. It degrades by a factor 3.5,
if one compares results for the total end-cap volume and for jet cone size with R=0.5. This
means, that this term takes into account not only the energy losses due to the material in front
of the calorimeter, but also the lateral energy losses due to the finite jet cone size.

' The main difference between the configurations of the end-cap calorimeter with and with-
out a preshower is in the sampling term. For the total end-cap volume this term (31+2)% and
(4043)% GeV'/? respectively. For a jet cone size R=0.7 (which is appropriate for the jet
spectroscopy under the LHC conditions) these values are (3145)% and (3845)% GeV'/? re-
spectively. This result shows, that the information concerning the energy deposited in a thin
layer of LAr in the front of the electromagnetic calorimeter can improve the energy resolution
of jets significantly.

In conclusion, the Table 1 summarizes the main results of the studies.

Presence of a preshower
No Yes

A [%\/GeV] 38 + 5 31+ 5
B (%] 09+01| 07401

C [GeV] 52+03] 50£03

x}/NDF 0.7 0.5

Table 1: The results of the fit of the energy dependence of the resolution using the three term
ansatz (2) for a jet cone size of R=0.7.
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Figure 1: The jet energy distribution.
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Figure 2: The distribution of material in the end-cap region as function of the pseudorapid-
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8 0 Entries 1000

2z L o r Eniries 1500
S X S 80 | s +5sa
S oo | s I R
Q60 2 - QVRLW ___ 0.0000€+00
° - o 60
] 5 L
€ 40 [ g F
=] - 5 40
= L =z -
20 20 r
o L g C AT
20 80 100 120 140
£, GeV
100 GeV
B4 - Entnes 10001 9 - Entrien 1000
=t - Meon 1998 | T L Mean 500.1
¢ 80 - aw  cooooteo| o C o 5600
L + 80 | uoFrLw 5.000
Qo L aQvAlw__ 0.0000€+00 [ © I OVFLW ___ 0.0000€+00
o B ko) N
g °F 5 60 -
Qa - n -
£ - E N
2_:' 40 C é 40 -
20 | 20 -
O C lll L1 i 1 111 L O 'l d l ) I
150 175 200 225 250 275 450 500 550 600
E, GeV E, GeV
200 GeV 500 GeV
o = Entries 00| N = Entrien 1000 |
C C Mean 1000, [d r Mean 2004,
2100 | Voruw am| 2100 |- e 100
L) L OVFLW __ 0.0000E+00 | O - OVFLW ___ 0.0000€+00
° - K C
s 75 F - 75 |
O o L0 -
g C ‘g‘ C
3 50 E— 3 50 -
25 25
o r
- ol L

0 ks L
900 1000 1100 1200 1800 2000 2200
E, GeV £, GeV

1000 GeV 2000 GeV

Figure 6: The distributions of reconstructed energy for the configuration with a preshower
(after three parameter minimization).

10



pe 20 E X/ndl BS4Y / 4 NN 20 E X/ndf 3903 / 4
N = P1 4557+ 1298 c Pl 5424+ 1508
{ 18 = ;2/ S— o.usii ossre-01 | Lj 18 = P2 0.2520 & 0.6450E-01
D 1 6 :_ g; ;9.95# 2.731 } 1 6 :_ f‘/"df o8¢ és.Q::k 3.238
E 0.6140 ¢ 0. — r
14 = P3 T8t % osslg.g‘g; 14 o Cones g:;g;g/
2 E 2 E
10 ;— 10
8 F 8 E
6 ;— 6 F
4 B 4 B
2 E 2 E
O ~l | I i1 1 I ) S T I | I J W I | O 1t 1 [ | W .| ] 11 1 1 ] 0
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
1/VEg GeV™'/? 1 /VE g, GeV™'/?
1.5<n<3.3, 0<p<2m : R=1.3
e 20 g X7ndi 8330 7 % e 20 g /i 628 7%
- 18 E Pl s8.28 & ez | L e B P 68.56 & le 59
{ 2 ;2/ S 0./154§:t 0.69756~01 | L] 5 ;2/ _ Lg.f:ss/e-o; + 0.8768E-01
o 16 £ Pl 3993+ 3.7 } 16 £ P1 791t 4619
, = P2 0.6809%  0.1476 E P2 0.9182% ¢ 0.1436
14 = P3 3.675+ 14 E £3 5224 & 0.2958
2 & 12 E
10 .:._ 10 ;—'
8 E 8 F
6 é- 6 ;—
4 E 4 =
2 E 2 E
O Lt 1 f l L[ ! Ll | | l | O | | N S | I ) S | l | I S |
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
1/VEg Gev''/? 1/VE e GeV™'2
R=1.0 R=0.7

Figure 7: The energy dependence of the resolution for the configuration without a preshower
(after two parameter minimization).

11



20
18
16
14
12

o/E, 7%

oN O

20
18
16
14
12
10

o/E, %

o N P~ O

Figure 8: The energy dependence of the resolution for the configuration with a preshower (after

- X/ndf 1420 / 4 e

- 3888+ 1.097 -

— 0.2892 £ 0.4937E-01 | L]

E X/ndf 1,431 /3 ~

— 30.82 + 2.38% o)

= 0.4891 + 0.8175E-01

I— 1.832 + 0.2561

—l )i 1 l ) S T | I | I | I J |

0 0.05 0.1 0.15 0.2
1/VEg, GevV™'/?

1.5<n<3.3, 0<p<2m

= X/ndf 83.18 / 4 N

-t P1 50.97 £ 0.8842 .

- P2 0.7899E-07 + 0.1531 | J

- X/ndf 2630 / 3 ~

= P1 3012 3.463 (@)

- P2 0.5835 % o.;ggf

— P3 3.8677 % 0.2758

il l Lt 1 l | | l L1 1
0 0.05 0.1 0.15 0.2

1/VE;e Gev'/2
R=1.0

three parameter minimization).

12

o C/ndf 4999 / 4
- Pt 44.50 £ 1.286
— P2 0.1331 + 0.5767€-01
- ¥/nd0.7600 /3
= Pt 3124 2.736
- P2 0.5233+ 0.9285£-01
— P3 2,673+ 0.2128
1! ' | | [ | S | l i1 1.1
0 0.05 0.1 0.15 0.2
~-1/2
1 /VE &, GeV™"
R=1.3
- ¥/ndf 1310 / 4
- P1 58.83 £ 0.7629
- P2 0.9101E-07 +_0.14056401
= o/ndf 1.603 /3
— Pt 3093+ 4717
- P2 0.7233 % 0.1442
- P3 4.974 0.2889
J - I | | l [ | l | S R
0 0.05 0.1 0.15 0.2

1 /VEe GeV™'/2
R=0.7



o
o
|

)
T
.—cj—i—
——
. )
A
-
-o-er
—+
4
._ip_

Sampling term, % GeV'?

T T

]

H

‘
e

i

]

]

]

:

i

]

i

]

1

oot Y= N G4—>

20 | e ENDH+ENDE
| 0 ENDH+ENDE+COPE

IIIIJI!IIIIIIIIIlll'llllllllllllllllllL

0O 02 04 06 08 1 12 14 16 1.8 2
R

1.5

Constant term, %

S SR AL EER0S B =

O llllllllllllllllllIllll[lllLlJL[llllll|
0 0.2 04 06 08 1 12 1.4 16 1.8 2
R
~ 8
(05 -
£ i 8
3 6 $
S i
g - $¢
2 ‘r S*H
- sad g,
2'—' ﬁ
O lllll‘llllllll'lLLLIll'Illllllll!l]llll
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2

R

Figure 9: The dependence of the sampling, constant and material terms on the jet cone size
considered. Points with arrows correspond to the total end-cap volume.
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