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Tile Calorimeter (1)

* Steel/plastic scintillator
sampling hadronic calorimeter
Tile b\crre! Tile extended barrel Of The ATLAS experlmen.r

* Measures jets, single hadrons,
hadronically-decaying T-leptons
and contributes to missing E+
measurement

LAr hadronic
end-cap (HEC)

LAr electromagnetic &9
end-cap (EMEC) ————— ¢

* Assists in muon identification

T

* Covers the central region |n| <
1.7, mechanically split into 3
; LAr forward (FCal) Cyhnder's (LB + ZXEB)

LAr electromagnetic
barrel
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Tile Calorimeter (2)

Photomultiplier

* Pseudo-projective cells organized into 3
radial layers

Wave-length shifting fiber

Steel

Scintillator

* Cell size: Anx Ap=0.1x0.1(0.2x0.1in

last radial layer)

* Light from scintillators collected by
wavelength-shifting fibers and routed to
PMTs

* Every cell read-out from both sides, i.e.
using Two PMTs (channels)
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Tile Calorimeter (3)

. . @ 900 I ]
* Signal reconstruction: S [ —— Amplitude | ]
g 800 — Expected time of the signal =
* PMT pulse shaped, split into 2 gains 8 700f ~ Pedest =
and digitised every 25 ns % 800 E
o C .
* 7 digitized samples input to Optimal = 5005 =
Filtering (OF) algorithm, £ 400- =
reconstruction of amplitude (A), pulse 300F- =
phase (1 = t - f0) and quality factor 200E- 3
n=7 n=7 100;- —f
_ Q. — Q. = ¢ =
A=, lafsh AT—ZJI);S” e——
1= 1=

* Time calibration assures that signals from particles originating in the
ATLAS interaction point and moving with speed of light comes at 1= 0.
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Motivation for Time Calibration

* Precision of the signal reco with non-iterative OF depends on the

knowledge of 1o

* Time-of-flight measurement
important for

* event filtering (e.g. removal of

collision background, out-of-time pile-

up)

* physics analyses looking for e.g.
heavy (meta)stable particles (Refs.

[8.9])
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Tile Cell Time [ns]

Time Calibration (1)

Pre-calibration:

25—
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laser - basically comparing timing between now and previous data-taking period

— only high-energy muons reach the calorimeter, flying parallel to beam axis

splash events - beam hits closed collimator, producing many high-energy particles

- after accouting for time-of-flight, one can determine the time calibration in each channel

- caveats: ftrigger, comparison A-C side, impact of the toroidal end-cap magnets
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Time Calibration (2)

* Final calibration is performed with initial

. @ o L AL NN B I B
collision data = 15p ATLAS Preliminary
£ v Tile Calorimeter .
* using jets since we heed high statistics = 13: » 2015 ]
c I = 2016 7
* using only cells that are part of reco'ed jets to avoid % 2017 1
bias from pile-up and non-collision background = 0 53 . v 2018 ]
* as the mean time slightly depends on the energy, L 8 |
choosing 2 < Ech < 4 GeV (high-gain) and 15 < Ec, < 50 oL" R
GeV (low-gain) i Mm. ]
~  trade-off between statistics and Gaussian shape I m.‘“ "5 5 =& L
(negatively influenced by pile-up at low energies) _0'5_6' 50206080100 120
* caveats: channel-level information not available in Cell energy [GeV]
standard DAOD format, using special monitoring tool
9P J Refs. [1,4]

operating on HIST level
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Time Monitoring (1)

* Performed with two independent tools:

* physics events - similar event selection as for the calibration, histogram show the average
reco'ed fime in each channel in the given run

* laser-in-gap - laser triggers sent to all TileCal PMTs during the .empty bunches". Special
monitoring tool allows to monitor the reco'ed time in each channel as a function of the

lumiblock o -

= AL I B B B i . ; ; 15 2

% - ATLAS Preliminary ] i ATLAS Preliminary Tile Calorimeter 2

E 40 Tile Calorimeter - £ 5

- EBCO09, channels 30 - 35 i:‘:

- z

Note the nice match

between the tools ! Of_ _____________________________________________________________________ E
_1 :l 11| | 11 1 | | T | | | I | | | |:
Refs. [1,4,6] % 100 200 300 400 500

LumiBlock

CZ+SK workshop 2024, Olomouc Tomas Davidek, IPNP



[ ] [ J [ ] '_'30_||||||||I\Illlll‘llllll\llllll\_
Time Monl‘l'or'lng (2) g_ - Run 212199, LBCSS, ch 28

€ 20[ before correction o Physics data

S m— |aser i

* Features discovered with laser-in-gap tool:

* timing jumps

- sudden changes of reco'ed time in a group of 6 adjacent channels

— occurs both in the whole run as well as in part of it

201

: ATLAS Preliminary
- corrected either during the calibration loop or for reprocessing b L1 Tile Calorimeter -
77400 200 300 400 500 600
* bunch-crossing offset Refs. [1,2,3] Lumiblock
- intermittent offsets by +25ns 5 50— @ 10% g
= . ATLAS Preliminary 1 - ATLAS Preliminary ]
or £50 ns, correlated across £ 40 Tile Calorimeter 1 € [ Tile Calorimeter lccf"f"ded ]
three channels governed by = | EBA40, channels 39-41 £ 10 (s=13 TeV [original
: , i E - EBA40
30 TR
single TileDMU = " channels 39-41 ]
. oy e £ 2 _
- dedicated sw tool mitigates 20 =
such events in physics 10? .
e
Refs. [1,4,5,6] : j :
| ; B g ([0 gy T [l 0 gy o [ M o e O ]
%200 400 600 800 1000 20 30
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Performance (1)

T
* Corrections for large number of timing 108_?.;%:0::?{;2?%& E
jumps during Run-1 improved the overall 10°¢ - ocorecion " . E
RMS of the reco’ed channel time by 10% 10° Czr:me g : D@ﬂ 3
* Since Run-2 the timing jumps are much less 10°¢ S E
frequent, we focused on improvements in 1025 E
monitoring 10k ]
» discovery of the bunch-crossing offset problem in U3 .

few groups of channels (see previous slide) 0 30 00 90 20
* improved sw tool now able to spot timing jumps Lonanner [NS]

above 1 ns (originally only above 3 ns) Refs. [1,2,3]
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Performance (2)

* Time performance essentially stable

* mean time essentially the same across individual parts of the calorimter

* time resolution slightly better in central Long Barrel (LB) than in Extended Barrel (EB)
due to larger cells in EB wrt LB
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- (3,

bt
o

_|IIII|IIII|IIII|I'IIE:|_I_

Ref. [1]

-0.5

ATLAS Preliminary |
Tile Calorimeter
s=13.6 TeV, 2023
-+ LBA
-=-LBC

——EBA
=-EBC

B
B
]

8P EnEg ©

—

CZ+SK workshop 2024, C

10 10
Cell energy [GeV]

2 4

@)

. 35

S

?:; 3

i

52.5

E

= 2
1.5
1
0.5

[

_II|IIII|IIII|IIllllllllllllillllllllt‘

]
]

T T T
ATLAS Preliminary
Tile Calorimeter
s=13.6 TeV, 2023
-+ | BA
+=-LBC

——EBA
=-EBC

]
]

W
|
L]
mllllllIII|IIII|IIII|IIII|IIII|IIII|I

m
m
L

—

10 10°
Cell energy [GeV]

11



Performance (3)

* Time resolution in low-gain improved
after dedicated calibration since 2016
* otherwise stable across the years, small
differences at small energies due to
different pile-up
* Time resolution recently measured
separately in individual radial layers.
Differences understood due to:
* geometry - physically larger cells in EB show

worse time resolution than in LB, especially in
outermost layer D

* pile-up worsens the time resolution at small
energies, namely in the innermost layer A
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Conclusions

* Time calibration important for the energy reconstruction as well as for
the time-of-flight measurement, already used in several analyses (Refs

[8.9])

* Time calibration extensively monitored by two independent tools, showing a
very good match

* The improvements in the sw tools allows to catch small changes in
calibration as well as spotting and correcting for special cases
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Time resolution vs pile-up

Time Resolution in LB, Low vs High Pile-up Time Resolution in EB, Low vs High Pile-up
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