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TGC,  TileCal
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• MWPC の 2 次元読み出し 
• ミドルTGC 7 層 + インナーTGC 2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

TGC  (  Thin  Gap  Chamber  )

TileCal

2008 JINST 3 S08003

supplies which power the readout are mounted in an external steel box, which has the cross-section
of the support girder and which also contains the external connections for power and other services
for the electronics (see section 5.6.3.1). Finally, the calorimeter is equipped with three calibration
systems: charge injection, laser and a 137Cs radioactive source. These systems test the optical
and digitised signals at various stages and are used to set the PMT gains to a uniformity of ±3%
(see section 5.6.2).

5.3.1.2 Mechanical structure
Photomultiplier

Wavelength-shifting fibre

Scintillator Steel

Source

tubes

Figure 5.9: Schematic showing how the mechan-
ical assembly and the optical readout of the tile
calorimeter are integrated together. The vari-
ous components of the optical readout, namely
the tiles, the fibres and the photomultipliers, are
shown.

The mechanical structure of the tile calorime-
ter is designed as a self-supporting, segmented
structure comprising 64 modules, each sub-
tending 5.625 degrees in azimuth, for each of
the three sections of the calorimeter [112]. The
module sub-assembly is shown in figure 5.10.
Each module contains a precision-machined
strong-back steel girder, the edges of which
are used to establish a module-to-module gap
of 1.5 mm at the inner radius. To maximise
the use of radial space, the girder provides both
the volume in which the tile calorimeter read-
out electronics are contained and the flux return
for the solenoid field. The readout fibres, suit-
ably bundled, penetrate the edges of the gird-
ers through machined holes, into which plas-
tic rings have been precisely mounted. These
rings are matched to the position of photomul-
tipliers. The fundamental element of the ab-
sorber structure consists of a 5 mm thick mas-
ter plate, onto which 4 mm thick spacer plates
are glued in a staggered fashion to form the
pockets in which the scintillator tiles are lo-
cated [113]. The master plate was fabricated
by high-precision die stamping to obtain the dimensional tolerances required to meet the specifica-
tion for the module-to-module gap. At the module edges, the spacer plates are aligned into recessed
slots, in which the readout fibres run. Holes in the master and spacer plates allow the insertion of
stainless-steel tubes for the radioactive source calibration system.

Each module is constructed by gluing the structures described above into sub-modules on a
custom stacking fixture. These are then bolted onto the girder to form modules, with care being
taken to ensure that the azimuthal alignment meets the specifications. The calorimeter is assembled
by mounting and bolting modules to each other in sequence. Shims are inserted at the inner and
outer radius load-bearing surfaces to control the overall geometry and yield a nominal module-
to-module azimuthal gap of 1.5 mm and a radial envelope which is generally within 5 mm of the
nominal one [112, 114].

– 122 –

トロイド磁石

• 磁場によって µ を曲げる。
その曲がり具合から ミドル
TGC で pT を判定
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LHC-ATLAS  実験  Run  2
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LHC Run 1  
( ~ 2012 )

Run 2  
( 2015 ~ )

重心系エネルギー 7 ~ 8 13 ~ 14
Luminosity ( cm 0.7 × 10 2.0 × 10

バンチ間隔 50 25
ATLAS Level 1 μ Run 1  

( ~ 2012 )
Run 2  

( 2015 ~ )
p 15 GeV/c 20 GeV/c
Trigger rate 6 kHz 34  kHz

L1  トリガー全体で100kHz  
以内にしないといけない  
なので  μ  のレートも  
出来るだけ減らしたい

出来るだけ pT threshold は
低くしたい

物理解析からの要請

フェイクトリガーを削減して、
トリガーレートを許容出来る

範囲に抑える

Run  1  の条件
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TGC  と  TileCal  とのコインシデンス
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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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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
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• Run 2 における新たなトリガー条件 

✦1.0 < |η| < 1.3 
ミドル TGC   &  {  インナー TGC ( EIL4 ) || Tile } 

!
✦1.3 < |η| < 1.9 
ミドル TGC   &        インナー TGC (FI)

(Tile + EIL4 ) & TGC

1.0 < |η| < 1.3 の領域に新しく TileCal との 
コインシデンスを導入する

( 2015 ~ ) 
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TGC  と  TileCal  とのコインシデンスの性能

• コインシデンス手法の FPGA への実装 （長谷川  18pSH-4 ） 

• 期待されるパフォーマンスの評価 （矢ヶ部  18pSH-5 ）
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no cut

rejected by coincidence with InnerTGC

rejected by coincidence with TileCal

offline selected muons

rete#
reduction#

( % )
efficiency#

( % )

no cut 100.0 100.0
インナー TGC 69.6 98.5

Tile 53.4 98.1η
Run  2  で実装する

2014年度秋季大会  
29pTH-11  救仁郷
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TileCal  からの信号を  TGC  へ送る

• TGC と TileCal という独立した大規模検出器間で情報をやりとり 

• TileCal からの信号を TGC のトリガー判定をためには、必要とさ
れるフォーマットのデジタル信号に変換しないといけない

6

TGC  SLTileCal

TGC のトリガー判定ハドロンカロリーメータ

TMDB

新しく開発中 @ Rio 
必要なフォーマットに変換

アナログ G-Link  (16bit)  
デジタル

TileCal unit 3 TileCal unit 2 TileCal unit 1 TileCal unit 0

D5+D6 D6 D5+D6 D6 D5+D6 D6 D5+D6 D6

H L H L H L H L H L H L H L H L

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

G-Link  のフォーマット

TileCal の D5・D6 セルを使用
スレッショルドは H/L の２つ
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TGC  と  TMDB  間の  G-Link  コネクションテスト
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Agilent HDMP-1032A/1034A
Transmitter/Receiver
Chip Set
Data Sheet

Features
• 3.3 V supply, low power

dissipation
660 mW Tx, 792 mW Rx

• On-chip encode/decode using
Conditional Inversion Master
Transition (CIMT) protocol

• 1:N broadcast ready
configurable receiver inputs allow
multi-point data broadcast using a
single transmitter

• Parallel Automatic
Synchronization System (PASS)
allows receiver to read recovered
words with local reference clock

• Robust simplex mode
• Wide range serial rate

260-1400 MBaud (user selectable)
• 5 V tolerant TTL interface

16 or 17 Bits wide
• Low cost 64 pin plastic package

14x14 mm2 PQFP

Applications
• Cellular base station
• ATM switch
• Backplane/bus extender
• Video, image acquisition
• Point to point data link
• Implement SCI-FI standard

Description
The HDMP-1032A transmitter and
HDMP-1034A receiver are used
together to build a high-speed
data link for point-to-point
communication. These silicon
bipolar transmitter and receiver
chips are housed in standard
plastic 64 pin PQFP packages.

From the user’s viewpoint, these
products can be thought of as a
“virtual ribbon cable” interface for
the transmission of data and con-
trol words. A parallel word loaded
into the Tx (transmitter) chip is
delivered to the Rx (receiver) chip
over a serial channel and is then
reconstructed into its original par-
allel form. The channel can be ei-
ther a coaxial copper cable or
optical link

The chip set hides from the
user the complexity of encoding,
multiplexing, clock extraction,
demultiplexing and decoding. The
CIMT encoding scheme used en-
sures the DC balance of the serial
line. When data or control words

are not being sent the transmitter
sends idle words.

The serial data rate of the Tx/Rx
link is selectable in three ranges
and extends from 208 to 1120
Mbit/s. This translates into an
encoded serial rate of 260 to
1400 MBaud. The parallel data
interface is 16 bit TTL. A flag bit
is also present and can be used as
an extra 17th bit under the user’s
control. This bit can be used as
an even or odd word indicator
for dual-word transmission. The
encoding of the flag bit can be
scrambled to reduce the probabil-
ity of erroneous word alignment.

A user control space is also
provided. If TXCNTL is asserted
on the Tx chip, the least signifi-
cant 14 bits of the data will be
sent and the RXCNTL line on the
Rx chip will indicate the data is
a Control Word.

At the Rx, the PASS feature
allows the recovered words to
be clocked out with the local

1.4 GBd Transmitter/Receiver Chip Set with
CIMT Encoder/Decoder and Variable Data Rate.

FPGA での G-Link 信号生成のエミュレーションが正しく動作することを確かめ
るために、FPGA  に書き込んだテストパターンを打ち出すテストを行った。

G-Link  Transmitter/
Receiver  Chip

•テスト項目  

✓ G-Link 信号のエラービットが正常であることの確認 

✓ 16 bit の全ての bit にテストパターンを打ち、それらが正しく読み出せることの確認

TMDB  -  SL  間の  
コネクション  O.K.

TileCal  からのアナログ信号を処理してテスト

FPGA

通常の処理

G-Link 
チップ

G-Link 
コネクタ FPGA

TMDB  の処理

G-Link 
コネクタ

Next  Step
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ノイズバースト
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72トリガー信号
FPGA

Last but not least: noise bursts 
• Noise bursts in all muon spectrometers observed in 2012 
• This induced TGC electronics FIFO overflow Æ busy Æ more than 0.36fb-1 data loss 
• Burst stopper algorithm to be implemented into TGC/RPC/CTP trigger logic 

– Stop accepting continues & high multiplicity L1 triggers ( typical noisy period ~1 micro second ) 

Noise burst event Typical event 

15 MDT, TGC, RPC 

Last but not least: noise bursts 
• Noise bursts in all muon spectrometers observed in 2012 
• This induced TGC electronics FIFO overflow Æ busy Æ more than 0.36fb-1 data loss 
• Burst stopper algorithm to be implemented into TGC/RPC/CTP trigger logic 

– Stop accepting continues & high multiplicity L1 triggers ( typical noisy period ~1 micro second ) 

Noise burst event Typical event 

15 MDT, TGC, RPC 

ふつう

異常

こんなのが 10μs  続く

素性を知るために，１バーストにつき 
１発，確実に記録したい 

!
という処理をする回路

バースト

•ノイズバーストとは  
Run1 においてノイズが原因と思われるヒットが
ミューオン検出器全体で大量に見られるイベント
があった。その結果、バッファーのオーバーフロー
が起こり、データ取得の障害が起こった 
!
•ノイズバーストを避けるために  
バーストが起きた際にはトリガーを VETO する機
能を TGC ミューオントリガー判定を行う SL 
FPGA に実装した

2013年度秋季大会  
20pSM-6  来見田

バーストの原因は未だ不明。原因を突き止めたい
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72トリガー信号
FPGA

Last but not least: noise bursts 
• Noise bursts in all muon spectrometers observed in 2012 
• This induced TGC electronics FIFO overflow Æ busy Æ more than 0.36fb-1 data loss 
• Burst stopper algorithm to be implemented into TGC/RPC/CTP trigger logic 

– Stop accepting continues & high multiplicity L1 triggers ( typical noisy period ~1 micro second ) 

Noise burst event Typical event 

15 MDT, TGC, RPC 

Last but not least: noise bursts 
• Noise bursts in all muon spectrometers observed in 2012 
• This induced TGC electronics FIFO overflow Æ busy Æ more than 0.36fb-1 data loss 
• Burst stopper algorithm to be implemented into TGC/RPC/CTP trigger logic 

– Stop accepting continues & high multiplicity L1 triggers ( typical noisy period ~1 micro second ) 

Noise burst event Typical event 

15 MDT, TGC, RPC 

ふつう

異常

こんなのが 10μs  続く

素性を知るために，１バーストにつき 
１発，確実に記録したい 

!
という処理をする回路

通常時
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ノイズバーストの調べ方

•TGC  SL  で処理  

TGC SL では右図のオレンジ色部分の範囲を処理して
いるため、TGC 全体の情報を調べることは出来ない 

そのため、 TGC 全体の情報を調べるためには新しい
モジュールを開発する必要がある

9
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•新しい  VME  モジュール開発  

TGC SL には LEMO コネクタがついていて、そこからトリガー情報を出力するこ
とが出来る。その NIM 信号を全ての SL から一つのモジュールに集約すること
で TGC 全体の情報からバースト判定を行うことが出来る。

φ方向の分割単位  
1.0 < φ < 1.9 : 48 
1.9 < φ < 2.4 : 24
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VME  モジュールに要求される性能

•要求性能  

- SL からの入力を全て処理するために LEMO コネクタ 72 個が必要 

- LHC のクロックと同期して動作する 

- 出力用の LEMO コネクタが必要 

( 高速で FPGA のコンフィギュレーションが出来るメモリ BPI を載せる )

10

FPGA による
処理

クロック

NIM  インプット  ×  72

新モジュール

アウトプット
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開発途中
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開
発
途
中

✓回路図  OrCAD  作成  

-基板レイアウト  

-FPGA  ファームウェア開発

スケジュール  
- ９月後半 : 試作機発注 
- 10 月後半 : 試作機完成 
- 試作機の試験 
- 11 月後半 : 量産機発注 
- 12 月後半 : 量産機完成
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まとめ

•ノイズバーストの精密調査  

- ノイズバーストを調査するために VME モジュールを開発中 

- 必要な性能を調査し、それに見合う回路図を作成した 

- 現在業者による基板設計の最中

12

•TileCal  と  TGC  のコインシデンス  

- 開発中の TMDB と TGC SL との間の接続試験を行った 

- G-Link 信号を FPGA で正しく生成することに成功
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Backup
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