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• We require two different coincidence schemes in Run-2 
1. BW & EI/FI 
2. BW & TileCal 
!

✦ 1.0 < |η| < 1.3 
BW   &  { EIL4  || Tile } 
!

✦ 1.3 < |η| < 1.9 
BW   &       FI

Introduction
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• Hot RoI: 
the region with the integrated 
magnetic field which is too small to 
discriminate low pT muons 

to be masked

Introduction
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Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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End-cap 
toroid

η=1.3

(TILE + EIL4) & TGC 
coincidence 

1.0 < |η| < 1.3
η=1.0

1206 Eur. Phys. J. C (2010) 70: 1193–1236

Fig. 1 A cut-away drawing of
the ATLAS inner detector and
calorimeters. The Tile
Calorimeter consists of one
barrel and two extended barrel
sections and surrounds the
Liquid Argon barrel
electromagnetic and endcap
hadronic calorimeters. In the
innermost radii of ATLAS, the
inner detector (shown in grey) is
used for precision tracking of
charged particles

Fig. 2 Segmentation in depth and η of the Tile Calorimeter modules in
the barrel (left) and extended barrel (right). The bottom of the picture
corresponds to the inner radius of the cylinder. The Tile Calorimeter is

symmetric with respect to the interaction point. The cells between two
consecutive dashed lines form the first level trigger calorimeter tower

(one inserted from each face) and extended barrel modules
are read out by one drawer each. Each drawer typically con-
tains 45 (32) readout channels in the barrel (extended barrel)
and a summary of the channels, cells and trigger outputs in
TileCal is shown in Table 1.2

The front-end electronics as well as the drawers’ Low
Voltage Power Supplies (LVPS) are located on the calorime-
ter itself and are designed to operate under the conditions

2The 16 reduced thickness extended barrel C10 cells are readout by
only one PMT. Two extended barrel D4 cells are merged with the cor-
responding D5 cells and have a common readout.

of magnetic fields and radiation. One drawer with its LVPS
reads out a region of ∆η × ∆φ = 0.8 × 0.1 in the barrel and
0.7 × 0.1 in the extended barrel.

In the electronics readout, the signals from the PMT are
first shaped using a passive shaping circuit. The shaped
pulse is amplified in separate high (HG) and low (LG) gain
branches, with a nominal gain ratio of 64:1. The shaper, the
charge injection calibration system (CIS), and the gain split-
ting are all located on a small printed circuit board known
as the 3-in-1 card [6]. The HG and LG signals are sampled
with the LHC bunch-crossing frequency of 40 MHz using a
10-bit ADC in the Tile Data Management Unit (DMU) chip

1.3D5 D6

Tile Extended-Barrel

1.0

η=1.9

EIL1~3 & TGC 
coincidence 

1.3 < |η| < 1.9

(Tile + EIL4 ) & TGC

     FI & TGC     

• We will require two coincidence in Run-2 
1. Coincidence, BW and EI/FI 
2. Coincidence, BW and TileCal 
!

✦1.0 < |η| < 1.3 
BW   &  { EIL4  || Tile } 
!

✦1.3 < |η| < 1.9 
BW   &       FI

• Hot RoI will be masked

• We estimated trigger-rate



BW & EI/FI
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Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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• TGC に hit があった時にインナー TGC を参照する範囲
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作るインナー TGC のヒット 情報からコイ
ンシデンスが取られるべき組み合わせ ( 

マップ ) を作成する ( 稲丸氏 ) 

それに一致するヒットがあった時にコイン
シデンスが取れたと判定
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Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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Figure 2: Schematic side view of the ATLAS muon spectrometer depicting the naming and
numbering scheme; top: sector with large chambers; bottom: sector with small chambers.
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TGC  BWEI/FI

• New Coincidence Window 
✦ updated from TDAQ-TDR w/ optimization in MC 
using muon hits with more realistic pT distribution 

✦ applied and validated in TrigT1TGC :  
emulation for all the trigger function 

!
!
!
• Some regions are not by EIL4 
✤ TileCal D-cells : Full phi coverage 
!

➡ Coincidence, BW & Tile
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use hits in TileCal modules for 
the coincidence with 
corresponding TGC Sectors 
!
✤ TilCal  &  BW  coincidence  is  ipplemented  
in  TrigT1TGC  
➡validation  ongoing
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for  example:  
threshold  500MeV  
efficiency              :  97.4  %  
rate  reduction  :  14.6  %  
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Operation modes
• Operation modes in 1.0 < |η| < 1.3 

1. TileCal-only  mode  : not to use EIL4 hit information 

2. Exclusive-OR mode : to use the TileCal signals only for the regions not covered by EIL4

5

       : RoIs ( SSC ) 
!
       : EIL4 
       : TileCal threshold  500MeV

• Efficiency/Reduction: 
only slightly better in the Exclusive-OR mode 

• Cost in FPGA : 
much easier with TileCal-only mode 

➡ decided to adopt TileCal-only mode

6

TileCal-only Exclusive-OR EIL4 only

EIL4

Tile

efficiency!
( % ) ��	� 97.8 99.5
rate!

reduciton!
( % )

��	� 12.5 60.7

38<=,66/.�38�%>8�



Hot RoI mask

6

|η|
0 0.5 1 1.5 2 2.5

 m
)

⋅
B 

dl
   

  (
T 

∫

-2

0

2

4

6

8

Barrel region region
End-cap

Tr
an

sit
io

n 
re

gi
on

=0φ 

/8π=φ 

• Transition region 
✤the region with the integrated magnetic field which is 

too small to discriminate low pT muons 
!
!
• RoI mask 

✤higher trigger rate with the low pT muons                  
( in those particular regions ) 
➡ to be masked
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* 1.3 < |η| < 1.7 
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for  example:  
threshold  =  0.003

The RoIs 
  entries (RoI) 
    entries(all) 
are masked

> threshold



Results
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rate!
reduction!
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Trigger 

Rate 
( kHz )

no cut 100.0 100.0 34
FI + Tile!

( Tile only ) 53.4 98.1 21
Hot RoI 
mask 48.9 97.4 19
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no cut
rejected by coincidence
rejected by Hot RoI mask
expected condition for run2 

|η|  <  2.0

eta region cut might be applied 
if the luminosity gets too high 

e.g. 3 × 1034

2.0  ×  1034  cm-2  s-1



efficiency vs. pT
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• Definition of the “efficiency” in this slides: 
ratio of muons from IP, accepted with the additional coincidence 

✦ absolute muon trigger efficiency can be calculated with the Tag&Probe method and the “efficiency” above 

multiplying “efficiency” and efficiency computed from Tag&Probe

1.0  <  |η|  <  1.9EI/FI Coincidence Window 
is optimized for 20GeV/c

flat against the offline muon pT

            



Conclusions
• Re-estimation of Muon trigger rate in Run-2 
✤ EI/FI Coincidence Window optimized 

✤ TileCal coincidence implemented 

✤ Hot RoI mask applied 

• Result 
✤ total additional efficiency ( loss ) : 97% ( 3% ) 

✤ trigger rate reduction : ~ 50%

9

Run-2 ( 2 × 1034 cm-2 s-1 ) 

34 kHz                    21 kHz          19 kHz                    12kHz

require 
additional coincidence Hot RoI mask

We can control L1_MU20 rate within the allocated bandwidth ( ~20 kHz ) 
in a reasonable efficiency with the new end-cap coincidence scheme

|η| < 2.0


