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Introduction

ATLAS

EXPERIMENT

Online trigger system

LHC collision rate: 40 MHz (25 ns)

ATLAS: ~1.7 MB per collision, ~68 TB/s
Just a tiny fraction of the data is interesting
Bandwidth and storage limitations

From the 40 MHz, only ~1 kHz can be stored
(~1.5 GBI/s)

Online trigger system

Use the available bandwidth with interesting
information
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Motivation ATLAS

EXPERIMENT

LHC/ATLAS Upgrades

® Peak luminosity =Integrated luminosity
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Motivation ATLAS
EXPERIMENT
Challenges and Solutions
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Motivation

ATLAS

EXPERIMENT

Challenges and Solutions

® Peak luminosity
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<> Luminosity: 1 — 2 x 10* cm'?s™
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> Available bandwidth: 100 kHz
> 50 kHz: jets, E™, taus, multi-objects
> 25 kHz: electrons
> 25 kHz: muons

> Muon trigger: ~34 kHz (prediction)
> Fake muon rate

> Muon trigger assisted by calorimetry

> Tile-Muon trigger

> New electronics system

|

> Analog channels
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Motivation ATLAS

EXPERIMENT

Challenges and Solutions

® Peak luminosity =Integrated luminosity
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Motivation

ATLAS

EXPERIMENT

Challenges and Solutions

® Peak luminosity

—|ntegrated luminosity

6.0E+34 : E é i i E E i —'—'TE : ‘;— _____ [ g [ S _3_5(10- -
7-8TeV| @ 13-14Te 14 Tev| | o o
P : . : L * 2> Luminosity: 2 - 3 x 103 cm=2s™?
5.0E+34 ---f---i--- (SRS i (SRR ... - (S
b : Lo Lo <p> = ~60
i | | | | Phased Muon trigger: ~51 kHz (prediction)
—  A0E+34 il g _ _
i o ' o ' L Tile-Muon trigger
£ Run'1 g Run 2 Updated FPGA desi
i i i i i i ‘ >
O, 3.0E+34 it EFa i H TS pdate esign
> H i h i i i i
s —
S AEEE T R 3
£ 20E+34 bbb e e e e R =
£ o : e ' o - 1000 &
- Lo Q
Lomean | b bl der ol o B 0 B <
' | ° ] Lo C 500
0.0E+00 : — . — 0
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
]
1
LS: Long Shutdown I Y ),

Seminars of the Il. Institute of Physics — 7" December 2018



Motivation ATLAS

EXPERIMENT

Challenges and Solutions
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Motivation ATLAS

EXPERIMENT

Challenges and Solutions
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The ATLAS experiment ATLAS

EXPERIMENT

Detectors

25m

Tile calorimeters

' E LAr hadronic end-cap and
forward calorimeters
Pixel deftector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
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The ATLAS experiment ATLAS

EXPERIMENT

Detectors

> Inner Detector
» Electromagnetic Calorimeter 44m
> Hadronic Calorimeter (TileCal)
> Muon Spectrometer
> Toroid Magnets

25m

Tile calorimeters

LAr hadronic end-cap and

- \ forward calorimeters
Pixel detector \
Toroid magnets LAr electromagnetic caloerimeters

Muon chambers Solenoid magnet |Trc|nsiﬁon radiation rracker|

Semiconductor tracker
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The ATLAS experiment ATLAS

EXPERIMENT

Detectors
> Inner Detector
. » Electromagnetic Calorimeter st
| - _

» Hadronic Calorimeter (TileCal)
> Muon Spectrometer
> Toroid Magnets

25m

Tile clorimefers
. \ LAr hadronic end-cap and
- forward calorimeters

Pixel detector

Toroid magnets | LAr electromagnetic caloerimeters |
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Semiconductor tracker

Seminars of the Il. Institute of Physics — 7" December 2018



The ATLAS experiment ATLAS

EXPERIMENT

Detectors
> Inner Detector
. » Electromagnetic Calorimeter ____,fi_
| ™

~» Hadronic Calorimeter (TileCal)
> Muon Spectrometer
> Toroid Magnets

25m

Tile calorimeters |

. \ LAr hadronic end-cap and
forward calorimeters

Pixel detector

Toroid magnets | LAr electromagnetic caloerimeters |

Muon chambers Solenoid magnet | |Transition radiation tracker

Semiconductor tracker
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The ATLAS experiment ATLAS

EXPERIMENT

Detectors
> Inner Detector
. » Electromagnetic Calorimeter st
! _________/\._ —

~» Hadronic Calorimeter (TileCal)
> Muon Spectrometer
> Toroid Magnets

25m

Tile calorimeters |
. \ LAr hadronic end-cap and
- forward calorimeters

Pixel detector
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Semiconductor tracker
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The ATLAS experiment ATLAS

EXPERIMENT

Detectors
> Inner Detector
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The ATLAS experiment ATLAS

EXPERIMENT

The Hadronic Calorimeter (TileCal)

> Composed by 4 sections

> Long Barrel (LB) — sides Aand C

> Extended Barrel (EB) — sides Aand C
> 64 modules per section

—

> The modules are divided into cells
> The cells have double readout (left and right)
> ~10.000 readout channels

> Measuring hadronic particles

/ BA (Central)

EB A(Central)

- (End-cap)

1 module
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The ATLAS experiment

ATLAS

EXPERIMENT

The Hadronic Calorimeter (TileCal)
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The ATLAS experiment

The Muon Spectrometer

Cathode Strip Chambers

Resistive Plate Chambers (CSC)

\
T
S \*-\‘% ‘gk‘\;/!/f/q Illl/lll// ”1
AN e gLl
LR AN
NGl T
Q/ ‘ ,’"1 Monitored Drift Tube chambers
A (MDT)
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The ATLAS experiment

The Muon Spectrometer

Central Region

Resistive Plate Chambers
(RPC)

(CSC)

End-cap
Thin Gap Chambers

= 2% Q% -
T Z VA ‘\\‘“ ,

Monitored Drift Tube chambers
(MDT)

Cathode Strip Chambers
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The ATLAS experiment

The Muon Spectrometer

End-cap

Central Region
Resistive Plate Chambers

Cathode Strip Chambers
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The ATLAS experiment

The Muon Spectrometer

Central Region
Resistive Plate Chambers

End-cap
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The ATLAS experiment

ATLAS

EXPERIMENT

The ATLAS online trigger system
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The ATLAS experiment ATLAS

EXPERIMENT

The ATLAS online trigger system
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The ATLAS experiment ATLAS

EXPERIMENT

The ATLAS online trigger system
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EXPERIMENT

Muon trigger assisted by calorimetry: ATLAS

before the Phase-Il upgrade

Information fusion to attenuate the false alarm rate

TGC
(muon trigger chambers)

7

Toroid Magnet

Interaction Point (IP)

L1Muon: would exceed its
bandwidth

Protons (low p,) in the end-cap
region

A: Collision muon

B: Low energy proton
Information fusion

> Tile Extended Barrel

> TGC

Confirmation through TileCal

> Rejecting the fake muons
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Muon trigger assisted by calorimetry:
before the Phase-Il upgrade &I!Tnﬁé

Coincidence between Tile Extended Barrel and TGC

Tile Extended-Barrel

TILE +EIL4) &TGC
: TGC ( . :
-1 - L 73,n=1.0 coincidence EoL
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4
. End-cap n=2.4
toroid P S
5 2 P n=2.7
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0 2 4 6 8 10 12 14 16 18 20
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Muon trigger assisted by calorimetry:
before the Phase-Il upgrade

Muon candidates and offline muons

3 e A " ATLAS 1
o L (] recennsw il
@ 5000 [ racEnnswiTie-E8 ]
cC i -
C[>) & - offline selected muons |
i) 4000 il (p_T>20 GeV) L
© n |
o . 5
£ 3000 L ]
- i -
s u o
2000 —
1000 .
TDAQ TDR: https://cds.cern.ch/record/1602235 LT
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Muon trigger assisted by calorimetry: @
before the Phase-Il upgrade ATLAS

Muon candidates and offline muons

To) AR L I R IR I I P R ]

g s [ recennsw AT}-AS ]

E 5000 = [ racEnnswiTie-E8 i

c | il

C[>) & - offline selected muons |
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(@] - i [ L N E e A e S S C R R S R C LI E L L S CL L AL e

g f . TileCal (D5+D6) & TGCs

£ 3000 — .. i

3 E 3 eliminates the peaks in
2000 = 10<In[<13
1000 .

TDAQ TDR: https://cds.cern.ch/record/1602235

=

L1
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Muon trigger assisted by calorimetry:

before the Phase-Il upgrade

Geometry Matching

> How the information is combined?
> L1Muon (end-cap region) is fed by the TGC
> The information is mapped into trigger sectors

> TGC: divided into 48 regions in @ (for each side)
> TileCal: divided into 64 modules in ® (for each side)
> Geometry matching in ®

> 1 trigger sector ~ 2 TileCal modules

Seminars of the Il. Institute of Physics — 7" December 2018
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Muon trigger assisted by calorimetry: @
before the Phase-Il upgrade

Hit confirmation algorithm

For each trigger sector
that “fired”

Y

Get the associated
modules

Reject the muon
candidate

threshold

Confirm the muon
candidate
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Muon trigger assisted by calorimetry:
before the Phase-Il upgrade

TileCal Signal Chain

Summing =~ TMegerfowers
board ) Analog readout channel
(dedicated to muons) b d ot |
TileCal cell Drawer ? R Standard
| High Gain | Readout
 Scintillator | . 't RODs
S PMT —» 3-in-1 | —» Digitizer Interface >
Optical Flber} | —> |
— ... lowGan
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Muon trigger assisted by calorimetry: ATLAS

before the Phase-Il upgrade EXPERIMENT
TileCal Signal Chain
Summing —® Trigger towers
board 777777777777 Analogreadoutchannel 777777777777
o (dedicated to muons) i

TileCal cell Drawer ? ,,,,,,,,, e EStandardi

T nl High Gain . Readout
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Muon trigger assisted by calorimetry: @
before the Phase-Il upgrade ATLAS

TileCal Signal Chain

Summing —®» Trigger towers

board | Anelog reatout channel R
TleCal cell Orawer ? R (dedicated to muons) ? ‘Standard
— | High Gain | Readout
. Scintillator } | > }to RODSs
;’ii.i’;i:.;i: ‘) PMT . 3-in-1 B Dlgltlzer Interface ‘
Optical Flber} | > |
T | Low Gain |

> Analog readout channel dedicated to muons
> Developed during TileCal conception
> D-layer only readout
> Cell area
> Particles absorbed by the previous calorimeters layers
> Never have been used

> Exceptin...
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Muon trigger assisted by calorimetry:
before the Phase-Il upgrade

Preliminary Performance

Efficiency

—_
L ]

0.8

0.6

0.4

0.2

.

Data 2011,\s8=7 TeV, 5

Ons.

ATLAS

L_1 muon trigger readout

o Muon
——Background

Efficiency:. 93%

| H‘T”T_’_‘**—r—l— 4

PR RIS T IR MR S L
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TileCal (D5+D6) Cell Threshold [MeV]

—

o
o™

o
o

o
o

0.2

TDAQ TDR: https://cds.cern.ch/record/1602235

Rate reduction

2011: for an octant of the modules, the
muon readout channels were
instrumentalised

Spare digitizer boards

Efficiency: 93% (confirmed real muons)
Fake confirmation: 17%

By losing 7% of real muons

Reduce 83% of fake muons

Threshold is adjustable to trigger
demands

New electronics system to fully
digitize/process the muon readout
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Muon trigger assisted by calorimetry: @
before the Phase-Il upgrade ATLAS

Overview of the electronic system

o . > TileCal Extended Barrel: 64 modules

" TiES | NewHerdwere B i '
TILE EB for each side — 128 modules
TILE EB
8 gig TMDB > For each module: D5(L & R) e D6(L & R)
g > 512 channels
TILE EB
- > L1Muon electronics: TGC-Sector Logic
TILE EB
BES > 48 TGC-Sector Logic
84 =2 TMDB > New FPGA RTL coding
TILE EB . . e
TILE EB seaortogic | 2 TMDB (Tile-Muon Digitizer Board)
| [TEEB o o
g S 5 > 32 channels (matched filtering & detection)
2 [“#8TGCSL |
> 16 TMDB boards
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Muon trigger assisted by calorimetry: ATLAS

before the Phase-Il upgrade

EXPERIMENT

The TMDB (Tile Muon Digitizer Board)

VMEG64x, 9U standard

FPGA based (core processing, VME interface)
G-Link (x3): 800 Mbps each (TGC-SL)
S-Link: 2,0 Gbps (ROS)

Optical receiver and decoder for the TTC
PCB: 16 layers (density and signal integrity)
Designed and assembled in Brazil

> UFRJ

> URJF

> Private companies (PCB manufact. & assembly)
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Muon trigger assisted by calorimetry:
before the Phase-Il upgrade Q‘I!TANST

The TMDB (Tile Muon Digitizer Board)

32 Analog Channels

TMDB
h

|

! Power Controller | PMBus VME64x - 9U
: UCD9240PFC i l —
: VCCINT_1v2 ITAG “:::‘ﬁfw

| Power MGT Hub a5
" VCCAUX_2V5 UCD9240PFC v

: | 3V3_ADC MGTAVCC

: 505 MGTAVTT —
1 PO
I | TTCD

1 Optica ec —
1 TIE R H (TTCrx)

i Fiber —| Receiver ¢ I

! > P2
' siink & b

1 ™

|

| G-link1 | ™

| G-Link2 | ™

| G-lLink3 | 1 OPA2822

|

|

|

|

]

1

|

|

1

|

> A/D conversion channels (x32)
> 3 stages
> Transformer coupled buffer
> RC passive filter — f ., = 20 MHz

| > Attenuator (ADC dynamic range)
> Core FPGA
> Processing
| > Matched filtering
| > Detection
> GTP Transceivers
> G-Link (TGC-Sector Logic)
i > S-Link (ATLAS ROS)
> VME FPGA
> VME bus interface
> Registers configuration
> FPGA programming through VME
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Muon trigger assisted by calorimetry:

before the Phase-Il upgrade

Digital circuits synthesized in the Core FPGA

Local 100 MHz clock [ o /o1 ¢

1 1 Y
| ———  Eventbuilder —— G-Link
1 1
1 1
1 1
1 1
—i—- I\(T;l)" —  Event builder -E-—-> G-Link
| i —
: L ——
i ————  Eventbuildler ——{ G-Link
1

+——— Control +——

—— Buffer _ ROD. Frag.
Builder

]

1

]

[}

i

1

ADC (32 :. Buffer Address |
channels) I decoder !
| |

- 1

. I

VME FPGA '

Seminars of the Il. Institute of Physics — 7" December 2018

39



Muon trigger assisted by calorimetry:

before the Phase-Il upgrade

Digital circuits synthesized in the Core FPGA

.................................. Local 16C MHz clock Lo« [iTs

'-‘T,‘ """"---'-'---"-'---""'--'-'-'-'-----I
‘I"‘
------ ! ——  Event builder —i—-r
o i
1 1
e I Event builder ~——>
! (x8) I
; i
1 1
i 1

‘e
»
™
.
.
.

‘.
o g e B
.
.....

+——— Control +——

—— Buffer _ ROD. Frag.
Builder

—  Event builder —T—

.....
",

! ....--..--.---“""“‘
llll--lun.--ul--.l...-----
I
1
—= i
Addres ]
i 1 i Buffer ess |
channels) i ocodes :
: E
| 1
I I

.
“~,
e
"

.
e,
.
.
.
.
‘e
0
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Muon trigger assisted by calorimetry:
before the Phase-Il upgrade

ATLAS

EXPERIMENT

Digital circuits synthesized in the Core FPGA

-----------
-----------------------------------------------------------------------------------------------------------
------
. .
ta .
o N

....
o,

o
o
o

High
Threshold

D6SUM
High Flag (HF)

Peak
Detector

D6SUM
Low Flag (LF)

Low
Threshold

3
'y

High
Threshold

D565UM

_|—> High Flag (HF)

[ oo =========—smmmey
1 H
1 —
1 Channel 1 _ FLYEIG D
| T Filter
i MPU
i (x8) -
; Channel 2 I
1 _— .
' Filter
o, i
[rmm—————m— e ———————
! D5
| —
i :
ADC (32 _i_, Buffer Channel 1 Ma_tlched
channels) ! Filter
| 3
i i
R — Channel 2 FUEENE 7 poesym
P % Filter
' —_—
] %
1 \’
—i—r Buffer ROD I‘s.,.
! Builder™-...
TTC control “eeee- o i

Peak
Detector

v
kf‘t)
4
Q

D565UM

Low
Threshold

1,
i

Low Flag (LF)

o
o
o
.
o
.
.
Ry
-
.
-t
----------------------------------------------------------------------------------

Seminars of the Il. Institute of Physics — 7" December 2018

41



Muon trigger assisted by calorimetry:

before the Phase-Il upgrade

Digital circuits synthesized in the Core FPGA

Local 100 MHz clock [ o /o1 ¢

.....
et
.t
.
o
o
o
.
o

+——— Control +——

.,
.
‘e
.
L
L
e,
----
----

—— Buffer _ ROD. Frag.
Builder

E —— Eventbuildler —+—> G-Link
1 1
1 1
1 1
1 1
: il —  Event builder -E—* G-Link
; (x8) I
1 1
1 1
| —— Eventbuilder —+—— G-Link
1 1

l'--....,
1
I
[}
: i
3 Addres !
ADC(32 [t i, Buffer ; : .
channels) Y] ecoder !
= a
- 1
. L

VME FPGA |
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Muon trigger assisted by calorimetry:

before the Phase-Il upgrade

Digital circuits synthesized in the Core FPGA

Local 100 MHz clock [ o /o1 ¢

+——— Control +——

—:—v Buffer _ . ROD. Frag.
) Builder

‘e
te
‘
e
.
.,

TTC control '-_____=1... ________________________________________

G-Link

G-Link

G-Link

i

1

]

[}

i

1

ADC (32 :. Buffer Address |
channels) ! decoder !
| |

- 1

. I

VME FPGA l
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Muon trigger assisted by calorimetry:
before the Phase-Il upgrade ﬁ:[!TAﬁNST

Commissioning performance

Commissioning Preliminary Result (2011 data)
g 1:lll1ll1llullrllllll I'III;I:_II_TI-LI_II_I.III1I|'|IIlII_ % a‘ 1_ . I ; : . ‘ ; E , . . ; I , . . : : |_1
g r - ——L 1% 5§ [T i ATLAS
= - 4 2 O _ ' * e . ]
o8- - g 0.gl Data2011,\s=7TeV,50ns  *-, .—_0.8
2 Data 2016, Y5=13 TaV = : L_1 muon tr!gger readout :
0.6 __ E# muan efficienc __ __ e :’Vluon __
- Fal 1a:a reﬁud:]n ' . 0.6 = ——Background - 0.6
= o 3 04r Efficiency: 93% **
B Efficiency: 98.20% - i ]
02— Fake Conf.: 3.07% — 0.2r- 102
|:| | N A Low a1y T‘T%I__-\_I_l_*_ll__lt_l_lﬂ—d—]_—!ﬁ i | : 0_ — 1 i — e TUSTe :0
®oo 200 300 400 500 600 700 80D 900 1000 200 400 : 600 800 1000
! TileCal (DS+D6) Cell Thresheid [MeV] TileCal (D5+D6) Cell Threshold [MeV]
D. O. Gongalves TDAQ TDR: https://cds.cern.ch/record/1602235

Rate reduction
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Muon trigger assisted by calorimetry:

before the Phase-Il upgrade

Run 2 performance

50><10

20
15
10

T T T T I T T T T ‘ T T T T I T T T T T T

g 4 o ATLAS Preliminary
Z  “5E Data 2018, Vs=13 TeV

40F-

= L1MU20

355 mmm 11 MU20 with Tile coincidence

30F. =mm Offline combined muon (p_>20 GeV)

25F

Kodama, T.; Ishino, M.; Okumura Y.
(The University of Tokyo)

dN/dn

ratio

><10

. ATLAS Prellmlnary
- Data 2018, Vs=13 TeV

—¥— L1 MU20 without Tile coincidence
1 L1 MU20 with Tile coincidence
1 Tile region

]I[\]WII[]III[‘]I[I|]]

1, P
A
‘ | L L ‘ 1 1
:4'+++++++"‘+“++... *++++ +H'++'|'+ ++|_+++++ ++++++ + .|.'|'++++ ++*+H+p++¢*++‘+++r:
- + + 4 ]
ki
= had ‘-. =

Kodama, T.; Ishino, M.; Okumura Y. T|R°

(The University of Tokyo)
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Muon trigger assisted by calorimetry:

before the Phase-Il upgrade

Run 2 performance

50.9 E
o Tl r o —— 1 ——
& 0.8 - E
o -
« 0.7 E
2 0.6 * ATLAS Preliminary -
= 0'5 Data 2018, Vs=13 TeV E
. 1.05<|n]|<1.3 =
0.4 E
0 . 3 —%—— L1_MU20 without Tile coincidence(1.1 fb")—;
0.2 = = —&—— L1_MU20 with Tile coincidence(1.8 fb™) _;
0.1 =

i) ' ' '
= 1.1F E

(5 10 20 30 40 50 60 70 80 90 100
Offline P, [GeV]

Kodama, T.; Ishino, M.; Okumura Y.
(The University of Tokyo)

gger rate [kHz]

L1_MU20 Tri

25

ATLAS Trigger Operation Preliminary
Data 2018, Vs=13 TeV

20

15

10

IIEIlIIIIlIIiIIIIIIIIIII

——=—— with Tile coincidence( 0.83 kHz/10>* cm2s™) F.r

------ without Tile coincidence( 0.88 kHz/10™ cm?s)

IIEI|IIII|II1I|II‘IIIIIII

4 6 8 10 12 14 16 18

ot
o

Instantaneous luminosity [10** cm2s™]

Kodama, T.; Ishino, M.; Okumura Y.
(The University of Tokyo)
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Muon trigger assisted by calorimetry:
after the Phase-Il upgrade &I!Tnﬁé

Increase the muon detection efficiency in the central region

M

> Discontinuities on the muon trigger

Muon trigger chambers  chambers of the central region

(central region)
> Efficiency limit

> L1Muon requires a muon hit
coincidence on 3 layers of chambers

> Most of the mechanical
discontinuities: RPC1 and RPC2

> Combine the information

> RPC3 chambers
Toroid Magnet > TileCal D cells

> Detect muons on both TileCal LB and
EB (small part)

‘h Interaction Point (IP)

Seminars of the Il. Institute of Physics — 7" December 2018 a7




Muon trigger assisted by calorimetry:
after the Phase-Il upgrade Q‘I!TnﬁNST

Detecting muons in the TileCal for the ATLAS central region

N=0,0 0 1 0.2 0‘3 0.4 0.5 0.6 07 0.8 0.9 ,1 0 1.1 1.2
” P -

13
Da “ 2 // ’ /’l - "
. - D5 .° o0 Dg T
BC1 Bc:2 BCS BC4 BC5 BCG BC? “BCs ,' / 14
//, y 7 »” o 35 -
37 B11-~ B12|.-"B13 |.-B14 |.-7 BI15 | -15
i ! il el i -6
M/

AJ%’ms ,}’&4),%”2\15{,/*' Ate -7

3865 mm

2280 mm

? Tr’°° o b -|n|<10 @ . Extended
LA &  Long Barrel : j St Barrel
m ! i
’ beam axis
_____________________________________________________________________________________ >
10 |
8 4
[V
4
2
0 { - » 7
16 18 20
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Muon trigger assisted by calorimetry:
after the Phase-Il upgrade g‘:[.!ThﬁNST

TileCal readout electronics after the phase-Il upgrade

> Phase-ll upgrade: New TileCal electronics
> Digital channel dedicated to the trigger system
> Electronic noise for the digital channel (RMS): ~20 MeV (or better)
> Electronic noise for the current muon analog channel (RMS): 200 MeV
> Previous study: muon detection in very difficult in the LB with the analog channel
> The current TileCal default readout has an electronic noise of ~20 MeV

> Enabling the analysis that is going to be presented
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Muon trigger assisted by calorimetry:
after the Phase-Il upgrade Q‘I!Thﬁé

Detecting muons using only the RPC3 (RPC3 trigger)

RPC3 chamber

> Goal: exclude RPC1 and RPC2 participation (Cross-sectional view)
® strips layer 2
> Based on the muon hit coincidence for different layers Egig:gz :23;2';?
within a RPC3 chamber n strips layer 1
RPC3 ch_amber
> Vertical strips (red): measure the n coordinate (Top view) ~0.1
®
> Horizontal strips (blue): measure ® the coordinate
> Strips superposition: enables the measurement of the ~0.1
muon and coordinates Logic |
Division
> RPC3 chamber dimensions: ~0.1 x ~0.2 [n X @] 01

> L1Muon resolution: ~0.1 x ~0.1 [n x P]
> Logic division for the ® direction

> To get the same L1Muon resolution

> We consider an RPC3 chamber as 2 Logic Regions

of ~0.1 x ~0.1 [N X ®] o striip—» | T
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Muon trigger assisted by calorimetry:
after the Phase-Il upgrade

RPC3 trigger: coincidence methods

> Loose

Logic Region @ strips layer 2
n strips layer 2
® strips layer 1

n strips layer 1

Hit on n layer 1 OR
hit on n layer 2
AND
hit on @ layer 1 OR
hit on ® layer 2

The time difference between
hits must be within a
window of 1 BC

> Medium

Logic Region @ strips layer 2
n strips layer 2
® strips layer 1

n strips layer 1

Hit on n layer 1
AND
hit on @ layer 1

The time difference between
hits must be within a window
of 1 BC

> Tight
Logic Region

Z-y view ® strips layer 2
] nstrips layer 2
B © strips layer 1

n strips layer 1

X-y View ® strips layer 2
" nstipslayer2
e e © strips layer 1

n strips layer 1

Hit on n layer 1 AND
hit on n layer 2
AND
hit on @ layer 1 AND
hit on ® layer 2

The time difference between
hits must be within a
window of 1 BC
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Muon trigger assisted by calorimetry:

after the Phase-Il upgrade

RPC3 trigger: algorithm

Logic Region
~0.1
N

_1

n—N;n,
_1x

¢—Mj:21¢,-

For each logic region

Y

Test hit coincidence

Using one of the

/1 3 coincidence methods:

Loose, Medium or Tight

Is the
coincidence
satisfied?

No muon candidate

Estimate the muon
candidate coordinates

Issue a muon candidate
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Muon trigger assisted by calorimetry: @
after the Phase-Il upgrade ATLAS

Geometry matching

> Where in the TileCal does a muon
candidate pass through?

> Different geometries

S - =

> There is no direct relation between o 90 3
o = : 5

moduIeS/CeIIS and Chambers g 80 E_ . ............................................................................................. _E

. . 8 70;_ ............................................................................................... _;

> For the ® direction E  GOE S SN W E
: E 505— --------------------------------- 3

» Simulated muons (p, > 15 GeV) k& 405 E

- AN S S S 3

c - 3

> ~88% hit 1 modules £ 30p 3

@ 20[- A

. T u 3

> ~11% hit 2 modules 10E- _ 3

: : : 0F——t—— | | ;

> ~1% hit a disabled module in the 1 2 3 4
simulation Number of modules

> Region of up to 2 modules
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Muon trigger assisted by calorimetry: @ATL AS

after the Phase-Il upgrade

Geometry matching

> For the n direction

>

>

v

There is no direct relation: cells/chambers
Toroid magnetic field

Simulated muons (p, > 15 GeV)

> ~76% hit 1 cell per module

> ~22% hit 2 cells per module

> ~1,95% hit 3 cells per module
> ~0,05% hit 4 cells per module

Region of up to 2 cells

Fraction of confirmed muons [%]

Fraction of confirmed muons [%]

1001

o]
o
T[T

W b O O N
= ===

T[T [T T Iy
Lo b bl

o 1 2 3 4 5 6 7 8 9 10

Number of cells
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Muon trigger assisted by calorimetry: @
after the Phase-Il upgrade ATLAS

Geometry matching

> Muon candidate: hits up to 2 x 2 [cells x modules]

> Solenoid magnetic field influence in ®

> Toroid magnetic field influence in n Z0.06F L
= - //-;
> i i £0.94 - 7
We tested the following regions (clusters) ob-94k / / .
Lo0.92f , ]
> 2 x 2 [cells x modules] 2 0oF e / et
> 2 x 3 [cells x modules] 00.88- / / .
0.86 o .
> 3 x 2 [cells x modules] - A cmezeell
0 84— / —— Cluster 2x3, cell 1 7:
> 3 x 3 [cells x modules] 0.82f S . Ger e
: 08— A A
> Best performance: with the 2 x 2 cluster 0.15 0.16 0.17 0.18 0.19

False Alarm Probability
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Muon trigger assisted by calorimetry:
after the Phase-Il upgrade ATLAS

EXPERIMENT

Muon candidate confirmation with TileCal: RPC3+Tile trigger

For each muon
candidate

Y

Select the corresponding

cell cluster
E=) E.
i=1
Reject the muon
candidate
Y

Confirm the muon
candidate
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Muon trigger assisted by calorimetry:
after the Phase-Il upgrade

Performance: Turn-on curves

Efficiency

LOOSG
(3\ 1_\ LI L LI L N B S B
g L
= 0.8 *"'*
I %"‘Mm@“@"‘w
0.6~
0.4+ i mc data, Z->p —
:3: —e— RPG3 only T
i - RPC34Tile ]
0.2 $+ —-L1_MU15 _|
L et
e i
Olorsomotof®tor o L0010 L Ly
0 5 10 15 20 25 30
P, [GeV/c]
Medium Tight
-l_\ L L T L = 1_\ L I R T -
o
o L
L @ L
QO
0.8 1o i 0.8 —
&t A G e e
M+$£:%
0.6— 0.6~
..r{).. L
B i
+F i
b = MG Data, 22 ] i % MC Data, Z->u
% —e— RPC3 only e :*: il HP(;S ol
- —— RPC3+Tile B r $ iy E
0.8 $ ==k ML 0.2 C] —— L1 _MU15
i - :
Oliosmmotef®or 1o v vyt L L L] 0 L..._..n..lm-i@;-g:.\..\.\.\..\.\.\I.\.\I\
0 5 10 15 20 25 30 0 5 10 15 20 25 30
P, [GeV/c] P [GeV/c]
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Muon trigger assisted by calorimetry:
after the Phase-Il upgrade &I!ﬂﬁ.\;—r

Efficiency Map

Loose

< 1

An LBA moduie”
Medium was disabled Tiaht

]
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Muon trigger assisted by calorimetry:

after the Phase-Il upgrade

RPC3+Tile Performance

: Det. Rate
Trigger [%]
RPC3+Tile
loose 90,91
RPC3_+T|Ie 83.16
medium
RPC3+Tile
tight 73,59
L1 MU15 77,90

False Rate

[%]

6,68
4,97
2,73

2,93
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Conclusion & Outlook @ATLAS

> Increase of the LHC luminosity
> Big challenge to ATLAS
> Trigger system
> Muon trigger assisted by calorimetry before the Phase-Il upgrade
> Current results (Run 2, 2018): Tile-Muon behaves as expected
> Reduces the fake muon rate with a minor efficiency impact
> Preparation for Run 3
> Muon trigger electronics: New TGC-Sector Logic board
> TMDB: G-Link @ 800 Mbps - Aurora based (8b/10b) @ 1.6 Gbps
> Muon trigger assisted by calorimetry after the Phase-Il upgrade
> RPC3+Tile trigger: increase efficiency for the central region
> Continue the study: more suitable dataset (characteristics after the Phase-Il upgrade)

> Student from UFRJ working on this
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ATLAS

EXPERIMENT

BACKUP
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ATLAS

EXPERIMENT

TileCal cell muon energy deposition profile (p, > 15 GeV)

B

Entries

1500
EiD1) [MeV]

1500
E{DI0} [Ma]

E(D2) [MaV]

--ﬁm--l.H{}I{Ii...a_\f;:H"j- [)
E(Ds5) [Mav]

f
ol

E{BCE] [May]
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ATLAS

EXPERIMENT

TileCal cluster muon energy deposition profile

) 0 T T T

2 Q2 L - :
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RPC3 only vs RPC3+Tile Performance

Trigger

RPC3 loose
RPC3+Tile
loose

RPC3
medium

RPC3+Tile
medium

RPCS3 tight

RPC3+Tile
tight

L1 MU15

DP [%)]

95,00

90,91

86,90

83,16

76,90

73,59

77,90

FP [%]

37,50

6,68

27,90

4,97

15,30

2,73

2,93

SP [%]

77,90

92,10

79,30

89,00

80,80

85,00

87,20
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