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LHC - Looking for Higgs Collider

<

. p-p collider
- | 27 km perimeter
== | Designed for:
= 7 TeV/beam
' Luminosity 1034cm-2s!




Events - Bkg

In the next slide we will see
that it was not an easy task, but
everybody knows the outcome,
Higgs appeared himself at CERN

Higgs at ATLAS, July 2012
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o (proton - prolon)

Signal and background in the LHC package

The uninteresting
particles are produced at
huge rates
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The ATLAS detector at LHC

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

7000 tons
88 Million channels
2T solenoid

Toroid (B ~ 0.5T in barrel;~1T end-cap)

Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker



ATLAS TileCal - motivation 6

Hadron calorimeter with good
performance at low cost

........

« Scintillating Tiles and WLS optical fibres
« Photomultiplier tubes (PMTs)

« Steel/Tiles, ratio 4.7 :1 (A= 20.7 cm)

« 10 k channels (5000 cells)

« Transversal granularity An x A$=0.1x0.1
 Longitudinal segmentation: 3 layers

« Containment ~ 98% TeV hadrons, jets
« ATLAS jet resolution: og/E ~ 50-60%/VE @ 3%

‘‘‘‘‘
,,,,,

2900 tons

Robust technology for barrel region, but not suited for end-caps (radiation damage)

Tilecal MoU Core Cost (1998): 17 MCHF
(46% mechanics ;11% optics ;43% electronics)
~4% cost of the ATLAS detector



Tilecal Iayo ut Fibre bundles

(at outer radius)
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Wavelength Shifting Fiber TN
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R, depth

ATLAS Tile cells AnxA¢=0.1x0.1 (0.2x0.1 in outer layer) and 3 layers

driven by LHC requirements and electronics readout costs
But much better optics granularity (~ 620k fibres 400k tiles):
—An: 3mm tiles every 9-18mm in Z-> Angy; < 0.004
—AR: 11 tiles and 8 fibres in R -> AR < 1 2
— A®: 20 cm tiles-> Adgytics=0.1

Fibres start at different
R and go radially out =>

- No cracks in ¢

- depth segmentation

- PMTs at outer Radius

Fibres




Tilecal main optics

Scintillating tiles
WLS optical fibers: responsibility Portuguese team led by Amélia Maio

Tilecal scintillating tiles
Number of scintillating tiles needed: ~400000,

distributed by 11 sizes
Technique chosen: mould injection (cheap and fast)
Critical parameters: mould walls quality,
polystirene, dopants, pressure, femperature
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A set of scintillators |

Wavelength Shifting (WLS) fibers
1 mm diameter, lengths 1 -2.5 m

Setup to test scintillators



Tilecal layout, scintillating tiles
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Setup to test scintillators
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Tilecal layout, scintillating tiles

First trial with black strips to improve uniformity

Tile size 10 from Protvino 94 production
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3mm <€—>

Tilecal layout, scintillating tiles

1

Geometry of the first tiles, with grooves for the fibers
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Tilecal layout, scintillating tiles

12
Geometry of the first tiles, with grooves for the fibers
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WLS optical fibers

Aluminium mirror at the end allows:

- o improve light collection

- fo improve uniformity of light
collection in the fiber-scintillator
contact area

I{x) (u.a.)

Light output vs distance
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WLS optical fibers (~620000)
(preparation for mirroring)




Mirroring the WLS optical fibers

Magnetron sputtering technique
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Quality control of the WLS optical fibers
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How to insert the 620k WLS optical fibers?

Master plate |

Scintillator tile

Wave-length shifting fiber --
(viewing tile)

Plastic channel =~

Master plate I

Invented long plastic profiles:

Length: 1.5 m

Width: 4 mm

Height: 2 mm

Thickness: 0.1 mm

Need to be opaque (black plastic)

Need to be excellent reflector: painted
white with ink used in road signs

Need to hold in place mechanically

:

__(":

5 T e %
§§3§§



How to insert the 620k fibers in the 160k profiles?

Manually it would take years, need several

people, and probability of errors was high:

Many combinations of 28 fiber lengths and
4 types of profiles

Solution: a robot

P o P
Fas T




Inserting the fibers in the profiles

picking a
fiber
from the
drums

b

guiding a fiber inside the profile



Tilecal cell structure - central barrel map

20
Cells obtained grouping many fibers in front of one PMT
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Cell structure - making the fiber bundles

A mock up needed to make the fiber bundles
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Intercalibration using !3’Cs radiactive source
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Peaks - tile response

Dots - adjusted response from each
individual tile (calculated taking into
account the distribution of the
cesium radiation through the several

2000

1500

1000 B+l
neighbour tiles)
Calibration - equalization of the -
average response of each cell '
Cesium source also used for quality N A
control of the modules i
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Moveable cesium source crosses
each scintillator perpendicularly
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Tilecal from R&D->first collisions

~ 15 years (1993-2009) =
N SR

[

l,]'

2002-2004: calibrations  2004-2006 Installation 2007-2009 commissioning 2009: first collisions
(Mostly with cosmics)

A long way to arrive to the excellent performance of Tilecal in ATLAS/LHC



Zonstruct ATLAS = put the ship inside the bottls
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ATLAS construction
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Tilecal alone detects cosmic muons

ATLAS Atlantis 8

July 2005

Tilecal is the first sub-detector
operational in the ATLAS cavern
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ATLAS construct
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ATLAS construction (2008)
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n resolution in testbeams->jet resolution in ATLAS *
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Upgrades



Tilecal upgrades for Long shutdown 2019

Tilecal scintillators and WLS fibers do not need replacement.
Exception: long scintillators in the gap/crack region that suffer significative

radiation damage causing light loss
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2

Tilecal upgrades for Long shutdown 2023-2024 3

Replace detector electronics (except PMTs, but studies ongoing - next slides)

Motivation:
« Increasing Luminosity and pile-up require:
- Beftter precision at trigger level
- PMT signals digitized continuously at 40 MHz

* Electronics ageing (>10 years)
« Redundant power & readout — improve reliability
(in Lisbon: design of new High Voltage distribution boards for off detector option)

Ongoing validation/tests of a Demonstrator with 3 front-end electronics options:

Next steps:
- Tests/validation in test beams in 2016
- Insert the Demonstrator in ATLAS at the next possible detector opening

IDR TDR

Testbeam Act|v|t|esl l Start of Procurement

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

Stability and ’b
Robustness Tests Insertion of Three Drawer Production
Insertion of First Additional Demonstrators -

Demonstrator Production Drawers



Tilecal PMTs response along the years
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Triggered discussion on possible need to replace PMTs in the future

Take the oportunity to improve granularity using MAPMTSs?

33



If replacement needed why not MultiAnode PMTSs?

Would it allow better granularity?
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How to play with the fibers to improve
Tilecal granularity?

Redo fiber bundles? Not possible.

\\& \mmi ng, i

Single fiber output
available inside girder in
fiber bundles
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Fiber bundles

Each bundle is unique. The fibers are randomly positioned.

36
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Light guide

Tilecal PMT

MAPMT
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Special light guide to guide the light to the MAPMT?
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A summary

The ATLAS Tile calorimeter is essential for identification and precision
measurements of ATLAS-LHC physics

It performed very well during data taking, > 99% of good data for
physics

The performance is in agreement with design goals despite the big pile-
up environment

In long shutdown of 2013-2014 hardware consolidation cured main
failures observed in runl

For High Luminosity LHC Tilecal will upgrade the electronics only

The construction was an adventure with many “crazy” ideas that resulted

"Crazy" ideas still appearing to improve optics



Backup



ATLAS Tilecal Calibrations "

. 137Cg:
- correct for optics +PMT+ electronics variations.
- Used in test beams to bring em scale to ATLAS +
inter-calibrate all 10k channels.
- Inrunl used ~1/month
« Laser: ~ 2/week monitor PMT gain + electronics
« Charge injection: ~ 2/week monitor electronics
Inrunl:
- Calibrations systems precision < 1%
- Short time scale drifts dominated by PMT AGain
- ~-3.5% tot max. loss (~ half is optics irradiation;
~ half PMT down drift) in most irradiated inner cell
(n~1.3), where em calorimeter in front is shorter
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Expected Tilecal light losses in scintillator at HL LHC (3000 fb1) 4

—~ L1

S Runi(@sfo-) HL LHC: 250 krad
= N (3000fb-1)
SN

Initial plan: 40Krad

(10 years 1034 cm-?s) g o
07 |- |
@® hadrons .
i o
06 - O gammas ol
Atlas/tilecal

0.5_' . : : Coey | . L
10 102 10°
Dose (kRad)

Run 1: -2% max (2.2Krad) in inner cells (n~1.3) w/ shorter em calo in front)

At HL-LHC: -15% max (0.2-0.3 Mrad).

Radiation levels and light losses in scintillator cells (tiles + fibres) as expected
After cells recalibration impact in jet performance is negligible

No upgrades in Tilecal for HL-LHC(2023), except in the electronics

In Long shutdown 2 (2018) will only replace gap/crack scintillators sitting in
the Barrel-Extended Barrel gap (as planned since the initial construction)




Hardware s?m‘us in runl -> after' Consolldahon in shu’rdown
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In Runl the main source of Tilecal failures: < 50T N —
- Low VOH'CIQC power SUpply OFF; fr‘equenT TPipS 2 455 ATLAS Preliminary HighGain-HighGain ]
. . . . = — T ; ©0ld LVPS (October 2011) —
- Power connectors reliability in FE electronics g D et « New LVPS (September 2014)
- 3-6% masked cells in run 1 S F . E
- Automatic LVPS recovery implemented S 350 ? =
. . . . O r n
- Repaired main failures in 2011 short break 2 b E
- Despite that Tile delivered good data for 3 Ve o -
. o7 - 25— © o © —]
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20} OO.. ° oO °*gege ...9 e00°%,e ...Oo {
In the long shutdown (2013-2014): 15 . -
- Replaced of all LVPS by new units N T T
- Refurbished FE electronics (connectors) 5405 %

- Consolidate Cs calib. against water leaks



ATLAS Tile calorimeter Performance

Characteristics ATLAS |n|<1.7

Light yield 70 phe/GeV

oe/E (tbeam standalone) 52%/NE+ 5.7% (7.7 1)
45%/NE+2 % (if 9.2 1)

Jet resolution target ~50-60%/VE @ 3%

e/h 1.33

em sampling fraction 3%

Max dose at HL LHC (3000 fb-1) 0.2-0.3 Mard

Max light reduction due to irradiation inrunl  -2%
Max. light reduction expected at HL LHC -15%
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ATLAS Tile calorimeter characteristics 45

Characteristics ATLAS |n|<1.7

Absorber Steel
Absorber/scintillator ratio 4.7:1
Geometry Tiles & fibres L to pp beam axis

Tiles-Fe periodicity in Z

Tiles characteristics:

- Tile dimensions (nx¢xR):
- Inner radius
- Quter radius

- WLS Fibres

3 cylinders (Barrel+2 Ext B):
Lengthin Z

Outer radius(w/supports+elect.)
Outer active radius

Inner active radius

Active depth AR at n=0
\Volume (inner-outer active R)
Weight

Longitudinal Segmentation

Transversal granularity (AnxAd)

# channels/PMTs
Gain-dynamic range

Xo xp : Moliere Radius

18 mm (3mm Tiles+14mm Fe)

Polystyrene+1.5%PTP+0.04%POPOP by injection molding, no grooves ; ~ 70
tons

11 trapezoidal sizes in depth/R ; ~ 40105 tiles

3mmx~22cmx~10cm ;

3mm x~35cm x ~19 cm

Kurary Y11 ; Imm diameter ; ~1062 Km ; ~620 000 fibres

12m

42 m
3.9m
2.3m
1.6m; 7.7 A
372m3
2900T

3 layers

0.1x0.1 inner and middle layers ; 0.2x0.1 outer layer

10 000 channels
10%; 2 gain 10 bits ADCs
22.4mm ; 20.7cm ;20.5mm



Phase 2 Tilecal Front-end electronics options

RO D) BOARD

Main Board sROD

AAAAA PIPELNE
O Signal
O Reco

aaaaaa

T ocs 2 Jriege sums

(LS

Modified 3-in-1
m  Receive and shape
— Provides analog
outputs (2 gains)
— Charge injection
— Integrator
on  Based on current
3-in-1 cards

— Commercial off the
shelf

n  Improved
— Radiation tolerance
— Noise performance
— Linearity
performance

QIE ASIC

Charge Integrator
from Fermilab

Different approach
— Current splitter
— Gated integrator

Four different gains,
but without shaping

— No dead time
— Useful for pile-up
17-bit dynamic range

Clean measurement
every 25 ns (40MHz)

FATALIC

Combines two ASIC
solutions (TACTIC
and FATALIC)
FATALIC

— Shaping stage with
3 gain ranges
(1,8,64)

TACTIC

— 12-bit pipelined
ADC

— 40 MHz operations

L
-
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Jet energy scale precision (AJES) in run 1

Tilecal in test beam ; cosmic rays

145 — —

(4 ATLAS % | |
|
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1.35 | o N
I |
13— | | —

dE
dx

1.25 — | A M Cosmic muons Long Barrel —
| Cosmic muons Extended Barrel
12— A Testbeam muons Long Barrel
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1.04 —
1.02 - 4

Data/MC

——

0.98 -
0.96 -
0.94 -
0.92 |- . . . =
A BC D

Layer

—.—
R —

— —

Tilecal electromagnetic scale:

- from test beam (e, ) in 11% of modules

- error ~3% (from test beam, cosmic
rays)

- monitored after re-calibrations with us
from collisions, e/p, cosmic rays

ATLAS AJES is the main uncertainty in
many physics channels. Achieved < 1% error
in central region and medium p;

<E/p>

0.8

0.7

0.6

0.5

0.4

0.9y
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Tilecal single hadron response in runl
L s L L B L B L L B LB B
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Tile performance in run 1
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48

- LN AL B B
= ATLAS Preliminary -
- \s=7TeV Tile Calorimeter -
- * layer A - Data * * =
- A layer BC - Monte Carlo " =
- WM layerD * * .
- * x * _
= x X * =
- * * * .
5 * % X =
B g 57 E
- * ﬁ =
- * A -
- A A A A A —
= AR Ets g 5
= EEEN n -
- aaaEEEEEEEE ;
:_l I 1 1 1 l 1 1 ll 1 1 l 1 1 1 l 1 1 | l 1 1 1 l 1 1 1 l 1 1 l—-
4 6 8 10 12 14 16 18 2
actual p

— 3
w —
s I ATLAS Preliminary Muons
£ . j p0  =0.5326+ 0.0120
=25 Tile Calorimeter pl  =1.3310=0.0141
4 2 =07444+0.0172
o \s= 7 TeV, 50 ns, 2011 }° fote
2 p0  =0.3668 = 0.0003
= Data, Muons p1 =1.6017 = 0.0005
a ’ p2  =1.1156+ 0.0006
15 o Data, Jets
° AT A
- O=\PH\JE) \E
-
- ~ (0.6ns
- R —
0.5 — Q
o _I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
2 4 6 8 10 12 14 16 18 20
0 Cell energy [GeV]

Tile cells noise has a moderate increase with pile-up (1) and mostly in the inner layer (A)

Tilecal measure the time with very good precision (~ 0.6ns for Ecell>20 GeV)



Tile D project - Tilecal Integration with Muon ’rr'igge?

2015-2022: Integrate outermost Tilecal D layer

of extended barrel (1.0«n<1.3) in level 1 muon

trigger => remove ~ 85% muon fake rates, while
keeping muon efficiency >90% (very effective to
“clean” low muon P+ rates)

After 2023: Possible integration of all the TI|€CC(|
outer cells (|n| <1.7), after Tilecal electronics

upgrades (lower cells noise levels)

Prototype test in runl
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Radiation - dose deposited per year in ATLAS

Dose is the Jan03 Base (24620} - lonization Dose, Gy/Yr (TID)
energiy
deposited
per mass

. 4
unit -

m) §
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Radiation damage of WLS optical fibers

Normalized light output after irradiation as a function of the

distance to the photodetector
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Max dose in Tilecal in 10 LHC years: 50 krad



