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ATLAS Tile Calorimeter

Tile barrel Tile extended barrel

Photomultiplier

Wavelength-shifting fibre

LAr hadronic
end-cap (HEC)

Scintillator Steel

LAr electromagnetic Z
end-cap (EMEC)

LAr eleciromagnetic
barrel

LAr forward (FCal)
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T|Ie Calorlmeter module

Long barrel |n|<1.0, extended barrel 0.8 <|n|< 1.7, three longitudinal layers (A,BC,D), total thickness of about 7.4\
WLS fibre routing defines 5200 calorimeter cells: 0.1x0.1 AnxA¢ cell granularity (0.2x0.1 for D layer cells)

Hermetic coverage, pseudo-projective towers for first level trigger

Dynamic range of PMTs: 10 MeV to 750 GeV

Design resolution for jets AE/E = 50%/VE®3%, linear within 2% for up to 4 TeV jets

25.05.17 - TIPP'17 0. Solovyanov - ATLAS
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Calibration

systems

Calorimeter

Particles

gRmm== g
: ]

: L}

'. ..

: [ ]

: [ ]

pC

= =) Integr ator Readout
. (Cs & Particles)
Photomultiplier
Tubes .
:. EE 2 Digita'l Readout
f (Laser & Particles)

]XCTB[pC

Charge injection (CIS)

MeV
] X CrASER % Ccs
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Charge injection system (CIS)

Low Gain
ADC

N Passive o Low Gain
@ — 1 Shaper ® | Amplifier
CIS High Gain

Amplifier

High Gain
ADC

Charges of known values, spanning the full range of ADC (0-800 pC) are
injected by a 5.2 pF (x2%) or more precise 100 pF capacitor (+1%)

The passive pulse shaper produces a pulse with a Gaussian shape (=50ns),

then the pulse is split and sent through 2 different amplifiers separated by a

gain of 64

The injection timing with respect to the ADC clock can be varied
This allows to simulate a physics pulse from PMT and to calibrate both high

and low gain ADCs (although the CIS pulse is shorter and has a leakage part)

Also used to calibrate analog L1 calorimeter trigger




Charge injection calibration

Average High-gain CIS Stability CIS Stability
4 [ PPy
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8 82 O C Overflow 0
c < =
S 81 5 =
5 5 1o
8 80 ® 9709 channel average (RMS=.04%) % -
) Y Typical Channel (Long Barrel, C-Side) (RMS=.03%) Z -
) 79.5 +0.7% Systematic Error 1 ’_LIJ‘
Eooor il
TOE L v b b 4 -3 -2 -1 0 1 2 3 4
o e pove Sore Stability of Individual ADC Channels (%)
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Laser system

SLAMA(system command, trigger)
+LASTROD (DAQ interface)

PHOCAL ‘
PMT BOX
L.E.D. 400 fiber bundle to ﬂ\
< = detector modules

oa-source

= LICPMT
|:| /\Z \L . Fil
PMT_1 (trigger,
i PMT_2 (trigger)
D+preamp
B
E A
Power
. A N
supplies .Hm
M D .
POLAS E M -
\ P 1
Ethernet A X
switch N E
D R
E T
R E
L
3
3 — s
R L VME Crate c A o
1n!
LocaL [ |0 A - digitization . (D g ctiace)
DCs E S |Lascar { - controls LASER / E
s C - communication| | PumpP |
s A X ﬁ;
o R Optics box
TIC (Mg, LHC dlock) | o L gDC (charge ADC)
(Tilecal) Y R
ATLASDAQ (— ] +LILAS(charge injection)

e PMT gain drift affects the detector response and calibration

e Laser system delivers 532 nm green light via 400x 100m long clear fibres to all PMTs
* Upgraded optics box and control electronics for Run 2

* Better laser light monitoring with more diodes, rack vibration isolation

* Precision on the gain variation measurement is better than 0.5%

* New integrated 6U VME control card



ATLAS Preliminary
Tile Calorimeter
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“Timing jump”

e Laser is used to monitor the gain and stability of the PMTs

* To cross-check problematic channels (unstable HV or bad CIS)

 To set-up and cross-check timing, provide correction for “timing jumps”
 Two calibration runs per week, special long sequence of runs (1 hour)
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Cs calibration

Drift in February 2015 - March 2017 |
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Integrated currents monitoring
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Calibration in empty bunches

Bunch Disposition in the LHC. SPS and PS 16 Orbits  142mS

LHC (1-Ring) = 88.924 s i T“”‘_)> Counter
S M | aset eIt
3-batch 4-batch < ¥ -
12 -
£ * ' _ J * Enable
. | 21: g [
" X o LvDS Calibration
T, Request (2..0)

e T Filling Scheme Pattern . i

SPS =7/27 LHC RAM 1bit [T MB
ORBIT TURN Lond d NIM Trigger

* oa L~
A y Y E_l/ 1bit o [LVTTL oIS
Canfig > » "

CAL_REQ NIM Trigger

— < LASER_EMIT From 94

LTP LG — WE bt

_ L1A — | LWTTL Laser

=" SR LASER SYSTEM _I_)1 " MM [ Trigger
@ @ TRIG_LAS I
—
L1A
I SHAFT board

L1AtoTileCal
— TTCvi

@ This indicates delay

 LHC beam abort gap (~3 us) used for calibration “in parallel” with collisions
e Laser and minimum bias (currents) monitoring

« SHAFT 6U VME board with pattern memory to control, time in and arbitrate
calibration pulses and calibration trigger requests

* Laser pulses at the rate of 3 Hz during physics runs



Evolution of Masked Channels and Cells: 2017-03-16
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Detector status

ATLAS Preliminary
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48/256 (~19%) modules were opened in the last shutdown of 2016-2017
Fixed all high priority problems and many low priority ones

* Typical problems:

Digital errors
HV off for % of module’s channels

— Cooling air leaks

— Integrator failures (FEB latch-up)

— Cold soldering in power connector

— Trigger tower low or no signal
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cell electronic noise [MeV]

50\\\

45

40

35

30

25

20

15

Noise

r [rrrrprrrrprrri LI L L L L L L L B B ] ;‘ 1 80 m ™ T 717 T 1T T 1 77 T T ]
- ATLAS Preliminary HighGain-HighGain ] ©) - ATLAS Preliminary > o
T Tile Calorimeter ©0Id LVPS (October 2011) —] 2 160 — Tile Calorimeter ...pﬁ OOOO —]
- LayerA *New LVPS (September 2014) o - Vs=13 TeV ...o - oo .
- i ] = - eData oMC oo OOOO ]
F ¢ = 120-LBA o** 0 =
3 E 100f -+ AS < U
E ] o o° oo* O é) O © .
C ] -»-BC5 O .“... 0
C ® O 0Qe - 80 — OOO P —
C o — O @0 00
- o o 0° o . - & DZCQ '.'“'(.)OOOO .
- o %o e oL 0 %0 ©° . .e, ©° . 60—~ o® oX® —
— o®°** ® 0%°8°Qeeges o o0, - - o CC()OOO :
F . © ] 40 .
- ° ° ] CO ]
- ‘ ‘ ‘ ‘ ‘ ‘ ‘ ] 2000000 —
W05 1 05 o0 05 1 15 0 10 20 30 40 50
cell n
<u>

Electronics noise stays at the level below 20 MeV for most of the cells.
Pedestal and noise are measured regularly with calibration runs

New power supplies (fLVPS), installed in long shutdown (2014), have
better performance and more Gaussian noise

Total noise is increasing with pile-up, especially for the inner layer



Time calibration
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A13/D5 Average response [%]

Detector response variation
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Single particle response
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 An important Tile Calorimeter characteristic is the ratio of energy to track
momentum (E/p) for isolated, charged hadrons in minimum bias events, is
used to evaluate calorimeter uniformity and linearity during data taking

e Data and simulation do agree, showing linearity and uniformity in detector
response

e dE/dx of minimum ionizing muons (near noise threshold) show data/MC
within 3%



Muons
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 Muons from cosmic rays, beam halo and collisions are used to
study in-situ the electromagnetic energy scale

* 1% response non-uniformity in 7 in Long Barrel with cosmic muons
A good energy response uniformity in all calorimeter layers
* The data/MC agreement is within 3%



Cells / 0.06 GeV / Event

Jet performance
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Good agreement in Tile cell energy distribution
Consistent overall jet energy scale

Jet energy resolution is below 10% at p;>100 GeV
Constant term is within expected 3%



Luminosity measurements
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Summary

Tile Hadron Calorimeter is a key detector to
measure jet and missing E; energy in ATLAS
experiment at LHC

To calibrate and monitor the calorimeter
response a set of calibration systems is used

Calibration systems allowed to achieve great
performance of Tile Calorimeter in LHC Run 2
with better than 1% precision

Getting ready for HL-LHC upgrade
Calorimeters (4) Fukun TANG
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