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TGC, Tile caloriemeter
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• MWPC の 2 次元読み出し 
•ミドル 3 層 + インナー １層 
•ミドル TGC で pT を計り、高い 

pT の µ に対してトリガーを出力

•鉄とシンチレータのサンドイッチ
構造 

•奥行き方向に 3 層あり、最外層
に到達するのは µ のみ

TGC  (  Thin  Gap  Chamber  ) Tile  caloriemeter  Extended  Barrel
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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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Fake Trigger
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Fake

•現状 TGC が発行するトリガーは、ほとんど IP 由来の µ でない 

•エンドキャップトロイド磁石より内側の検出器とコインシデン
スをとることで、IP 由来の µ を選択的に取得することが出来る

                             IP  由来のμ
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ECM  =  8  TeV,  bunch-spacing  25ns  in  2012  
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RUN 2 に向けたアップグレード

 4

LHC parameter RUN 1!
( ~ 2012 )

RUN 2!
( 2015 ~ )

重心系エネルギー ( TeV) 7 ~ 8 13 ~ 14
0.7 × 10 1.5 × 10

バンチ間隔 ( ns ) 50 25

ATLAS LVL1 muon trigger RUN 1!
( ~ 2012 )

RUN 2!
( 2015 ~ )

15 20

Trigger rate [ kHz ] 6 34

許容されるトリガーレート
25kHz  を上回ってしまう

出来るだけ pT threshold は
低くしたい

(RUN1  の条件)

物理解析からの要請

トリガーレートを許容される範囲に抑えるためにFake Trigger  
を減らす必要がある

解決策

pT threshold [ GeV/c ]

Luminosity ( cm-2s-1 )
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内部コインシデンス
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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
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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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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

 3
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1.0 < |η| < 1.3 の領域では 
トロイドマグネットと干渉するために 
EI/FI Chamber がない場所がある 

!

この領域をカバーすることが出来れば 
Trigger-rate に余裕が出来る
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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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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
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Tile Extended-Barrel
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✓
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◆

1.0 < |η| < 1.3 の領域
はエンドキャップト
ロイド磁石と干渉す
るために、チェンバー
がない場所がある

•インナー TGC にはチェンバーが
ない領域がある。1.0 < |η| < 1.3 
は、そのためこの領域ではコイ
ンシデンスが取れない 
!

• TileCal をもちいることで、チェ
ンバーがない領域を補完するこ
とが出来る

インナー  TGC  または  TileCal
とコインシデンスをとること
で  Fake  Trigger  を削減する

(Tile
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コインシデンスの取り方: インナー TGC
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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

✦ TGC エンドキャップ: 2π/ 48 Sector 

✦インナー TGC: 2π / 24 Slot

色をつけた場所を一枚の 
VME モジュールで処理

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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• 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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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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1.0 < |η| < 1.3 の領域
• この領域ではインナー TGC と Tile の 2 つを使用可能 

• どのように混ぜ合わせて使用するかを調べた
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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

•インナー TGC の 1.0 < |η| < 1.3 の部分には Φ 方向を
覆っていない部分があるため、効率が悪い 

• Tile だけで十分にトリガーレートを削減可能
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トリガー削減率・効率
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TGC と Tile のコインシデンスを使用することで、高い効率
を保ったまま、Fake Trigger のみを選択的に削減可能

トリガー!
削減率 効率

no cut 100.0 100.0
インナー TGC 61.6

Tile 56.0

トリガー削減率:  エレキが発行する  Level1  トリガーを削減する割合  
効率                              :  再構成できる  μ  を保つ割合
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Summary
• LHC-ATLAS 実験 RUN2 ( 2015~ ) に向けて Level 1 Muon 

Trigger の Trigger Rate を算出した 

✤ Tile を用いることで、インナー TGC のみを用いた場合から、更に 7% のトリガーを削減可能 

✤ 1.0 < |η| < 1.3 の領域において、Tile の方が、インナー TGC よりも、効率よく IP 由来の µ を
選別可能                          　     ⇒ この領域においては Tile のみの使用 

!

• 今後 

✴ 神戸大学で実際に処理を行う FPGA に書き込むためのコードを現在制作して試験を行ってい
る。協力して試験を進める 

✴ Milestone run 4 ( 2014年7月 ) 以降に TileMuon を導入した firmware を実機に導入予定
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Backup
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