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• We require two coincidence 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 mask

We updated L1 Muon Trigger Rate for Run-2

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



Coincidence, 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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色をつけた場所を一枚の 
VME モジュールで処理

神戸大学: 稲丸氏
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 MC で作成した µ を用いて、IP 由来の µ が
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.

2

TGC  BWEI/FI

Coincidence  Map  
muons  from  IP                                        

should  make  hit  in  this  region

• Position matching between hit 
and Coincidence Map 
✤ Coincidence Map is tuned, so we can reject         

Fake-Trigger with high efficiency 
✤ The method which we used to emulate trigger-rate  

for TDAQ-TDR is simpler than this method 

!
• We can require this coincidence 
using TrigT1TGC ( TrigT1TGC-00-02-85 ) 
✤ All of the functions in TGC Trigger Logic              

can be  emulated in TrigT1TGC 
✤ Validation of TrigT1TGC is done 

!
• In 1.0 < |η| < 1.3, Not all region  
is covered by EIL4 
✤ This region is fully covered by Tile-D5, D6 Cell 

➡ Coincidence, BW & Tile



Coincidence, BW & Tile
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Check  2  Tile  Modules’  
Cell-Energy

Tile  #5  Cell-Energy  (MeV)
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(
M
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V
)

Hit  on  TGC  Sector  #6

Check Cell-Energy of two 
Tile-Modules corresponding 
to the fired TGC Sector 
!
✤ Tile  coincidence  is  going  to  be  installed  
in  TrigT1TGC.  This  is  being  checked
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example:  
threshold  500MeV  
efficiency              :  97.4  %  
rate  reduction  :  14.6  %  
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Applied  threshold  (MeV)
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Operation Mode: 1.0 < |η| < 1.3

• I studied operation mode in 1.0 < |η| < 1.3.

5

Tile only Exclusive-OR EIL4 only

EIL4

Tile

efficiency!
( % ) 97.4 97.8 99.5
rate!

reduciton!
( % )

14.6 12.5 60.7

       : RoIs ( SSC ) 
!
       : EIL4 
       : TileCal 

threshold  500MeV

installed  in  Run-2

✤ Exclusive-OR is slightly good, but 
Tile only is easy to operate. 

✤ So Tile only is going to be installed 
for early runs in Run-2



Hot RoI mask
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• Transition region 
✤There is a transition region in magnetic field      

between barrel region and End-cap region 
✤In this region, magnetic field strength is not enough to 

bend muons, so muons’ pT can’t be measured 

• RoI mask 
✤The Trigger-Rate in this region is quite high and makes 

Hot RoIs 
✤Hot RoIs will be masked
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entries(RoI)

0
0.002
0.004
0.006
0.008
0.01
0.012
0.014
0.016
0.018

|η|  〜  1.4

repeated  for  every  6  sectorsoffline pT efficency
0.92 0.93 0.94 0.95 0.96 0.97 0.98

1-
L1

 a
ll e

ffic
ien

cy

0.25

0.3

0.35

0.4

0.45
GraphGraphEfficiency vs Reduction(1-Efficiency) ��/17�

0.003 

0.004 
0.005 

0.006 

0.007(0.008) 

0.009 

Efficiency for muon candidates with offline pT>20GeV 

Re
du
ct
io
n(
1-
Effi
cie
nc
y)
 fo
r l
ev
el-
1 
 

m
uo
n 
ca
nd
id
at
es
 

* 1.3 < |η| < 1.7 

efficiency

R
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1.3  <  |η|  <  1.7
Endcap  TGC  Sector 0 31 2 4 5

|η|  〜  1.6

example:  
threshold  =  0.003

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

> threshold



Results
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rate!
reduction!

( % )
efficiency!

( % )
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

|η| < 2.0 29.8 84.5 12
L1
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ATLAS Work in progress

no cut
rejected by coincidence
rejected by Hot RoI mask
expected condition for run2 

|η|  <  2.0

If luminosity is very high …

2.0  ×  1034  cm-2  s-1



efficiency vs. pT
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• The ”efficiency” which I used in this talk means how many muons from IP were survived 
requiring additional coincidence 

• We can compute absolute efficiency multiplying “efficiency” and efficiency computed from T&P

1.0  <  |η|  <  1.9



Summary
• I precisely re-estimated Muon Trigger-Rate for Run-2 
✤ EI/FI Coincidence Map was optimized 

✤ Hot RoI mask will be installed

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 trigger-rate of L1_MU20 with sustaining 
efficiency within the allocated bandwidth

|η| < 2.0


