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Trigger, DAQ, Upgrade studies
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LHC と ATLAS 実験
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Large Hadron Collider, Run-2 
• バンチと呼ばれる陽子の塊を加速し、陽子バンチ同士を衝突させる 
• √s=13 TeV, バンチ間隔 25ns, 最高瞬間ルミノシティ 2.06×1034 cm-2 s-1 
• データ量: 2015+2016年: 36.1 fb-1 , 2017 年: 43.9 fb-1 (Total: 80.0 fb-1) 
              ➡ Run-2終了時 (2018年) ~120 fb-1 
ATLAS 実験 
• 検出器構成: 内部飛跡検出器、カロリーメータ、ミューオンスペクトロメータ 
• 各検出器からの情報をトリガーシステム、物理オブジェクトの再構成に使用

2015+2016 
36.1 fb-1

(予定)



LHC schedule
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HL-LHC 
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Phase-2 
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Run-2 operation, Phase-1 & Phase-2 upgrade 
studies 全てで京都 ATLAS グループは活躍
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 = 13 TeVs     ATLAS Online Luminosity

LHC Stable Beams
-1 s-2 cm33 10×Peak Lumi: 20.6 

initial calibration

Achieved 50 fb-1 (Good for physics: 43.9 fb-1) 
• Lower β* 40 ➡ 30 cm 
• Peak luminosity 2.1×1034 cm-2 s-1 
• Luminosity levelling @1.5×1034 cm-2 s-1 
(超高輝度にするとデータ収集効率が下がるので, 一定の輝度に “levelling” して 
高効率でより長い時間データを取得 ) 

⬅ 高輝度下で安定したデータ取得のために種々の改良

LHC 2017 operation
5

2017 goal



安定したデータ取得のための対処
6
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Figure 2: This event display visualizes a noise burst event as seen by the ATLAS Muon Spectrome-
ter. The display shows a top view of the x-z-plane of the ATLAS detector with the interaction point
at the center and the positive z axis pointing to the right. CSC hits are shown in red, MDT hits in
green, RPC in yellow and TGC in blue. For clarity of presentation, hits in the top and the bottom
sectors of the detector have been removed. The noise burst event shows activity in a huge fraction
of the electronic channels on the endcap C side of the spectrometer (left side), as well as in part of
the barrel (central) region. This is a representative example of the noise burst events in 2016 data
triggered by the TGC burst stopper module. 

◆ Bursts of noise have been observed 
 since Run-1 
̶> TGC SSW buffer overflow 
̶> SSW drop, data-loss due to many auto recoveries 

◆ General module, NIM Process Module (NPM) installed 
‣ originally designed to detect the noise burst and to record the data 
‣ Now, NPM sends trigger veto signal to CTP ̶> “Burst Stopper”

Noise bursts
Typical noise burst event TGC burst stopper module

@USA15
TGC Sector  
Logic

72 NIM 
inputs  
from TGC  
Sector Logic

4

Noise-like な ”バースト”事象 
• 通常の ~1000 倍のヒット 
• ~マイクロ秒に渡って発生 
➡ DAQ システムの再起動が必要 (~数分) 

バーストを検知するボードを開発 
• 通常よりも多いヒットを検知し, DAQ システムに VETO を送る 
• 2017年には 98% の efficiency でバーストを検知し, 安定したデータ取得に貢献

 @ATLAS 
エレキハット

D3: 救仁郷



フェイクトリガー 
• 衝突点からのミューオン以外に 
よって発行されるトリガー 

• 除去するために磁場よりも内側の 
検出器とコインシデンス 
カロリーメータとミューオントリガー検出器の 
コインシデンス方法を開発・実装 
• ハドロンカロリーメータとのコインシデンス手法を開発し, 実装した 
• 2017年中にコミッショニングをほぼ終えて, ミューオンを 98% 保ったまま, 
~2kHz のトリガー削減が可能であると実際に示した

ミューオントリガーアップグレード
7
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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

TileCal & 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

TileCal Extended-Barrel

1.0

η=1.9

FI & TGC 
coincidence 

1.3 < |η| < 1.9

���

-6000 -4000 -2000 0 2000 4000 6000
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-4000

-2000

0

2000

4000

6000

フェイクIP からのμ

TileCal

• 磁石との干渉のため, 
full-coverage がない 
• 代わりにカロリーメータ
とコインシデンス

D3: 救仁郷



バレルトロイド磁石周辺
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4. Installation during LS2(?) Schedule 

a. Long opening 
b. Scaffolding 
c. Rails prolongation 
d. Removal of BIS8 

and BIS7 
e. Reinforcement of 

rails 
f. Re-installation of 

new chambers 
g. 8 sectors X 2 sides 

 



Phase-1 upgrade: 新検出器
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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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Phase-1 upgrade: NSW
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Phase-1 upgrade: BIS 7/8
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•現行の RPC と同様の構造 (Triplet 構造) 
•省スペースを実現するため, 
ガスギャップを小さくしている 
➡ コインシデンス手法と, どの検出器と 
コインシデンスをとるかを決定し評価

29

RPC BIS 7/8のトリガーロジックについて

sector 3 ~ 6
pT閾値 20 GeV pT閾値 10 GeV
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BIS

Tile(現在のもの)
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sector 3 ~ 6

low pTなので大きく 
曲がるため 
BWのchargeを 
使わなければ 
BISを要求する領域は 
狭くなる
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Tile(現在のもの)
NSW(FIを参考に)

sector 3 ~ 6

low pTなので大きく 
曲がるため 
BWのchargeを 
使わなければ 
BISを要求する領域は 
狭くなる

EIL4 
カロリメータ 
NSW 
BIS 7/8

M2: 岡崎



Phase-2 upgrade
12

隅田, M1: 國吉

• Phase-2 ではエレクトロニクスが一新する 
• Endcap では active layer 7 層の tracking でトリガーレートを 
落とせる 
• Barrel でも Resistive Plate Chambers の track fitting で 
トリガーレートを落とせるか？ (FPGA で fitting algorithm を走らせる)

ATLAS Phase-II trigger upgrade Page 12 of 23 David Sankey, 10 March 2016 

Level-0 
L0Muon 

Information from precision muon chambers (MDT) and additional muon trigger 
chambers added to significantly improve efficiency and purity 

• building on existing muon trigger system and Phase-I NSW 

 

L0Calo 
Hardware mostly from Phase-I Level-1 system 

• Feature Extractors eFEX, gFEX, jFEX, with relaxed latency compared to Phase-I 

• new digital signals from Tile and new forward calorimetry 

ATLAS
Phase-II Upgrade

Scoping Document
September 25, 2015 - Version 1.0
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Phase II upgrade study

 = 8 TeV, 25 nsecsusing data 

Phase I expected

Phase II proposed, TGC tracking

Phase II proposed, MDT tracking

 > 20 GeV
T
pOffline selected muons,

Figure 3. Expected rate reduction for muon triggers based on a measurement of the local polar angle, �, be-
fore and after the barrel and end-cap toroid. The red hatched area shows the effect of the TGC determination
of � combined with the NSW. (The TGC and NSW systems do not affect the barrel triggers with |⌘| < 1.3). The
blue hatched area shows the improvement after the MDT trigger is added. The plot is based on emulation of
the NSW performance using the 2012 detector configuration of ATLAS.

can be used in the trigger. In all of the scenarios the end-cap MDT hits are available to the trigger
processors.

In the Reference scenario the difference between the local polar angle, � in the inner and outer
barrel MDT layers can be used to sharpen the momentum resolution allowing a tighter cut with
minimal loss of efficiency, this will reduce the trigger rate by approximately 50%. In the end-cap
region, the difference between the angle � in the NSW and in the big-wheel MDTs can similarly
be used to provide an effective momentum cut as illustrated in Figure 3. The MDT hits will be
processed using processors based on FPGAs coupled with Central Processing Units (CPUs). The
MDT processor will deliver the trigger decision quickly enough so that the L0 trigger decision can be
distributed within the required latency of 6µs.

III.2.2 Level-0 calorimeter Triggers
The L0 calorimeter trigger will re-use the system installed as part of the Phase-I ATLAS upgrade
that is outlined in the TDAQ Phase-I TDR [8]. In the Phase-I upgrade, triggers will be based on three
feature extraction processors. The eFEX is designed to use the finest granularity available from the
Phase-I upgrade of the LAr trigger electronics [9] with a size of �⌘⇥�� of 0.025⇥ 0.1 in the strips
and main layer of the calorimeter, and a size of �⌘⇥�� of 0.1⇥ 0.1 for the pre-sampler, the last
layer in the e.m. calorimeter and the hadronic calorimeters. The eFEX is used to identify electrons,
photons and tau leptons with |⌘| < 2.5. The jFEX is based on a transverse granularity of �⌘⇥�� of
0.1⇥0.1 in the Tile calorimeters and in the LAr calorimeters in the region |⌘| < 2.4. In the remainder
of the acceptance the trigger transverse granularity is almost the same as the full granularity used
in the offline analysis. The jFEX is able to identify jets, as well as calculate contributions to global
quantities such as E

miss

T
in slices of ⌘. The gFEX is based on transverse granularity of �⌘⇥�� of

0.2⇥0.2 and allows the entire event to be processed in a single module. For example, the gFEX is
able to identify jets with R = 1.0.

In the Phase-II upgrade, the signals to the Feature EXtractor trigger processors (FEXs) will

Chapter III: Trigger and Data Acquisition System Page 19 of 229

BI
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BO
dBOk

dBMj

dBIi

円の中心からヒット
の点まで引いた直線

直線と円の交点fitの方法

2

右図のヒットの点と円の交点の距離を
それぞれdBIi、dBMj、dBOkとした。
(0 ≤ # ≤ 3、0 ≤ % ≤ 4、0 ≤ ' ≤ 2)
BIは3層、BMは4層、BOは2層あるため。

) = +
,
-./,0 + +

2
-.320 + +

4
-.540

以下のfが最小になるようにした。

r

zBarrel



物理解析
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Evidence for the H→bb̅ decay
14

DOI: 10.1007/JHEP12(2017)024
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• Largest source of Higgs boson: gg → H → bb̅ 
• overwhelmed by the bb events (107 多い) 
➡W/Zとの随伴生成過程を利用して探索
b-quark 起源のジェットを識別する
ために, 新検出器 IBL も活躍

http://dx.doi.org/10.1007/JHEP12(2017)024


Searches for diboson resonances
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弱ボソン対に崩壊する共鳴状態 (Spin 0/1/2) 
• Composite Higgs, RS graviton など複数の理論から予測 
• 各種崩壊モードのうち WW/WZ → lνqq を主に解析 

arXiv: 1710.07235, submitted to JHEP

Significant excess は見つからなかった
が,full Run-2 での結果に向けて 
引き続き解析を進める

D3: 救仁郷

https://arxiv.org/abs/1710.07235


• 系統誤差を抑えるために, データを用いたキャリブレーションが重要 
• Data-driven キャリブレーションは small-R ジェットには実装済み, l
だが large-R ジェットには未実装 
• Large-R ジェットに対するエネルギーキャリブレーション手法を開発
した。( 特に high-pT でのキャリブレーションに着目 )

Calibrations of large-R jets
16
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Full Run-2 解析で使用するために実装を進めている。

D3: 救仁郷

https://cds.cern.ch/record/2275655/files/ATLAS-CONF-2017-063.pdf


Searches for Vector Like Quarks
17

BLV2017

VLQ production by LHC 3

Takuya Tashiro (Kyoto U)

2 VLQ production channels exist.
(1) pair production
‣ Via QCD
‣ The cross section depends  
   only on VLQ mass.

(2) single production
‣ Via Electro-Weak
‣ The cross section depends  
   on VLQ mass and mixing  
   with SM particles.
‣ Can be dominant if both VLQ  
   mass and mixing is large.

Q

D5: 田代 • Vector Like Quark: カイラリティ 
左手系と右手系が SU(2) の同じ表現
に属す 
- SM quark なら左手系は SU(2) doublet, 
右手系は SU(2) singlet 

- VLQ なら左手系, 右手系ともに 
SU(2) singlet( or doublet, triplet)

BLV2017

Zt+X: Limits on mass 14

Takuya Tashiro (Kyoto U)
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Figure 6: Expected and observed 95 % CL upper limit on the cross-section times branching ratio for VLQ T pair
production as a function of the T mass for BR (T ! Zt) = 100 % (top) and for branching ratios according to the
singlet model (bottom left) and the doublet model (bottom right). Contributions from the X or B quark in the
(X5/3,T ) or (T, B) doublet models are neglected, leading to very conservative limits. The thickness of the theory
curve represents the theoretical uncertainty from PDFs, scale and the strong coupling constant ↵S .
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Figure 7: Expected (left) and observed (right) 95 % CL lower limit on the VLQ T mass as a function of the decay
branching ratios into W b and Ht. The markers indicate the branching ratios in the singlet and doublet models for
masses above about 0.8 TeV, where they are approximately independent of the VLQ T mass.

14

‣ Since no excess was observed, the cross section times  
   branching ratio limit was calculated.
‣ 2 VLQ models (SU(2) singlet and doublet) were taken into  
   account.

Exp:	0.89	TeV	
Obs:	0.87	TeV

Exp:	1.06	TeV	
Obs:	1.05	TeV

論文 coming soon



Unused hits analysis
18

0 20 40 60 80 100 120

Cluster Number in dR < 0.3

0
0.002
0.004
0.006
0.008

0.01
0.012
0.014
0.016
0.018
0.02

0.022 MC real, entry: 64990
MC fake, entry: 34427

Signal Efficiency
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1 
- B

ac
kg

ro
un

d 
Ef

fic
ie

nc
y

0

0.2

0.4

0.6

0.8

1
Cluster num + Nearest dR, d=5

sig, bkg = (0.95, 0.80)
sig, bkg = (0.90, 0.70)

sig, bkg = (0.80, 0.50)BDT

prompt muon jet 起源

Prompt Fake

長寿命新粒子 など

m(Z´) [TeV]
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

 W
W

) [
pb

]
→

 Z
´

→
(p

p
σ

4−10

3−10

2−10

1−10

1

10
ATLAS Work in progress

 = 13 TeVs, -1 Ldt = 36.1 fb∫

) Expected 95% CL uppper limit-1Boosted HP+LP(120.0fb

) with new JES Expected 95% CL upper limit-1Boosted HP+LP(120.0fb

  [TeV]Jνlm
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Ne
w 

/ O
ld

0.9
1

1.1

DRAFT

The absolute uncertainty can be applied by smearing pT with a Gausian ( � = pT ⇥ 2% ). The goal of the1012

relative resolution uncertainties is to smear the reconstructed observable ( mass, D(�=1)
2 ) by a Gaussian1013

smearing, such that the resolution is increased by 20 % or 15 % as appropriate. It means that the MC1014

nominal resolution should be evaluated by determining the width of the response distribution of a given1015

observable for the jets of interest. Typically this is done by fitting the response distribution with a Gaussian1016

and taking the width of this Gaussian as an estimate of the resolution.1017

Figure 103(a) shows an example of the mass response distribution for W-jets. The response distribution1018

follows a gaussian, therefore the MC nominal resolution is determined as the sigma of the gaussian. The1019

MC nominal resolution have been evaluated separately for W/Z-jets, W/Z LowPurity-jets and QCD-jets1020

binned in pT and ⌘. The large-R Low Purity jets can fail either the 50% D(�=1)
2 cut or the 50% mass1021

cut. There is little di�erence between the resolution of W-jets and one of Z-jets, and the ⌘-dependence is1022

small. Thus the results of W- and Z-jets are merged, and the ⌘ bins are also merged. Figure 103(b) shows1023

the evaluated resolution. The smearing value which can increase the resolution by 20 % can be calculated1024

from the MC nominal resolution[72]. To be on the conservative side, 2 % is added as a safety margin.1025

smearing value = �Nominal ⇥ 0.66 + safety margin(2%) (17)

 )truth)/masstruth-massrecoResponse - 1 ( (mass
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6

En
tri

es
/0

.0
1

1

10

210

310 ATLAS    Simulation Internal
|<0.8η = 13 TeV, W-jets, |s

HVTWZ samples
 < 1000 GeVJ

T
900 GeV < p

 = 0.072gausσ

(a)

 [GeV]J
T

p
0 500 1000 1500 2000 2500 3000

M
C

 n
om

in
al

 m
as

s 
re

so
lu

tio
n

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18
0.2

W/Z-jets resolution
W/Z LP-jets resolution
QCD-jets resolution

ATLAS    Simulation Internal
 = 13 TeVs

Signal: HVTWW, HVTWZ samples
BackGround: Wjets, Multi-jet samples

(b)

Figure 103: Example of mass response distribution for W-jets in 900 GeV < pT
J < 1000 GeV (left) and the evaluated

nominal mass resolution binned in pT (right)
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The nominal resolution of D(�=1)
2 is evaluated in a similar way. The D(�=1)

2 response disribution does not1027

follow a gaussian, therefore InterQuartile Range (IQR) is used to evaluate the width of the distribution.1028

Figure 104(a) shows an example of the D(�=1)
2 response distribution for W/Z-jets. The D(�=1)

2 distribution1029

cannot be fit by a Gaussian line. Furthermore, there is strong D(�=1)
2 -dependence in the Figure 104(b),1030

104(c). The smearing value which can increase the resolution by 15 % can be calculated from the MC1031

nominal resolution. [72] To be on the conservative side, 2 % is added as a safety margin.1032

smearing value = �Nominal ⇥ 0.57 + safety margin(2%) (18)

As a result of this study, we have to apply very conservative uncertainty on the D(�=1)
2 resolution. We1033
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expected.1035
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• 飛跡検出器の全ヒットのうち、80% は 
トラック再構成できず, 基本的に物理解析 
では使われていない (Unused Cluster) 

• フェイクレプトンの原因は大部分がJet 
起源 

• Unused Cluster を用いてレプトンと 
Jet 起源のレプトンを分ける 

• 解析をはじめて, 実現可能か study 中

D1: 赤塚



Summary
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2017 ATLAS operation 
•基本的に安定した運転 ( 終盤は 0.5 fb-1/day ), 今年も同程度のデータ取
得が出来れば, Run-2 全体で ~120 fb-1 
•Peak luminosity: 2.06 × 1034 cm-2 s-1, 50 fb-1 achieved 
•高輝度下での実験のために進めてきたアップグレードが活躍

Phase 1&2 upgrade studies 
•レポートに upgrade studies の結果をまとめた

Physics analyses 
•H →bb̅ decay が初観測 
•D5 田代, D3 救仁郷の論文がもうすぐ出ます。 
•D1 赤塚, 野口の解析が始まり, 今後面白い結果を出していくので 
ご期待ください。
今年で Run-2 が終わります。来年夏頃にかけて full Run-2 データ 

での解析結果を出す予定です。ご期待ください!!
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Thank you for listening
Comments (16-Feb-2018 14:00:00 )

Backup slides
16-02-18 14:00:00 

We would be able to present some results 
with full Run-2 luminosity in the next year.

We hope you’ll be looking forward to those!!
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10
LHC Performance Workshop 
Introduction
Frédérick Bordry 
29th January 2018

- Initially ATLAS & CMS luminosity levelled at 1.5x1034 cm-2s-1, using 
beam separation

- Later anti-levelling by reducing the crossing angle and increase the 
instantaneous luminosity

Luminosity Levelling (separation)
& 

Anti-Levelling (crossing angle)



BIS 7/8 の構造
22

第 2章 LHCとATLAS 検出器 26

2.1 RPC

BIS7 RPC

BIS8 RPC

Figure 2.5: A BIS78 station, consisting of a single two-multilayer sMDT chamber integrated with
two BIS7 and BIS8 RPC triplets, covering the area of the present BIS7 and BIS8 MDTs within the
same total thickness.

Each detector layer of the triplets is read out on both surfaces by orthogonal strip panels,
providing h and f measurements. The compact triplet structure and the use of highly
sensitive amplifiers require a complete isolation of individual layers from each other. The
choice of strip pitches, 24–26 mm depending on the chamber type, has been constrained
by the performance requirements, the strip impedance, and cost considerations. The total
number of readout channels is about 8700.

The new-generation RPC gas gaps have been completely re-designed. The thickness is re-
duced from 2 mm to 1 mm, which reduces the required voltage from 9600 V to 5400 V, re-
duces the total chamber thickness, improves the time resolution from about 1.1 ns to 0.4 ns,
and improves the avalanche transfer efficiency, and thus the signal-to-noise ratio [18]. The
current RPC gas distribution system has fragile gas inlets that develop cracks under mech-
anical stress, and provides a rather non-uniform gas flow inside the gas gaps. The re-
designed system features embedded, less fragile, gas inlets and a gas distribution manifold
inside the gas gap to achieve a more uniform gas flow.

One of the most important upgrades are the new front-end electronics for amplifying and
discriminating the avalanche signals through an ASD (Amplifier-Shaper-Discriminator),
and digitizing them through a TDC (Time-to-Digital converter). A new amplifier has been
designed for the BIS78 project [19, 20] to maximize the signal-to-noise ratio while pre-
serving the fast timing information of the RPC pulse. The new amplifier is based on Silicon
Bipolar Junction Transistors (Si BJT) and has 1700 e� of r.m.s. noise, sub-nanosecond rise

23

図 2.27 BIS 7/8ステーションの概要図 [9]。sMDTと３層のRPC BIS 7/8で構成される。

15 
 

These features rely on a new generation of front-end electronics explicitly designed to maximize the S/N of 
fast RPC pulses while keeping intact the basic detector structure, its simple non-critical mechanical layout 
and low production cost.  The R&D program is briefly described Section 4.6. In addition, the mechanical 
structure has been recently redesigned to allow the up to 4 m long chambers to be self-weight bearing 
using just 10 mm thick honeycomb support panels. 

The RPC will be reengineered with a thinner ~1 mm gas gap and thinner ~1.2 mm electrodes compared to 
the ATLAS standard (2 mm in both cases). This redesign has several benefits: 

x less thickness and weight 
x faster and smaller signals (2 ns FWHM) 
x same avalanche saturation with less developed charge 

The redesigned gas distribution will include a built-in manifold to uniformly flow the gas inside the gap. 
This system will be equipped with an embedded gas inlet without external parts for improved gas 
connection reliability. 

The RPC chambers are proposed to be constructed as triplets that will be operated with a 2/3 majority. The 
excellent time resolution of the RPCs allows a narrow coincidence window of 5-10 ns with full efficiency. 

This feature, coupled with good 2D granularity ensures that the 2/3 majority trigger provides the same high 
overall efficiency (>98%) while rendering the background and fakes contamination negligible. Figure 4-8 
shows a preliminary detector layout implemented with 2D readout through η and ϕ panels. An alternative 
chamber configuration being considered uses only η panels but with FE readout at both ends. In this case, 
the ϕ coordinate measurement is extracted using the mean-timer technique described in [A0]. 

A new front-end electronics readout has been designed based on the conceptual scheme in Figure 4-9. This 
is explicitly conceived to exploit the BJT transistor (Bipolar Junction Transistor) features for the fast pulses 

Figure 4-8. Sketch of the proposed triplet. In this version both sides of the gap are equipped with readout panels. Another option 
foresee the Eta panels only while the Phi is derived from the differences of time at the two ends of the Eta strip (mean-timer) 
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図 2.28 RPC BIS 7/8の断面図 [10]。ガスギャップの両面に設置されたストリップで ηと
φの情報を読み出す。
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by the performance requirements, the strip impedance, and cost considerations. The total
number of readout channels is about 8700.

The new-generation RPC gas gaps have been completely re-designed. The thickness is re-
duced from 2 mm to 1 mm, which reduces the required voltage from 9600 V to 5400 V, re-
duces the total chamber thickness, improves the time resolution from about 1.1 ns to 0.4 ns,
and improves the avalanche transfer efficiency, and thus the signal-to-noise ratio [18]. The
current RPC gas distribution system has fragile gas inlets that develop cracks under mech-
anical stress, and provides a rather non-uniform gas flow inside the gas gaps. The re-
designed system features embedded, less fragile, gas inlets and a gas distribution manifold
inside the gas gap to achieve a more uniform gas flow.

One of the most important upgrades are the new front-end electronics for amplifying and
discriminating the avalanche signals through an ASD (Amplifier-Shaper-Discriminator),
and digitizing them through a TDC (Time-to-Digital converter). A new amplifier has been
designed for the BIS78 project [19, 20] to maximize the signal-to-noise ratio while pre-
serving the fast timing information of the RPC pulse. The new amplifier is based on Silicon
Bipolar Junction Transistors (Si BJT) and has 1700 e� of r.m.s. noise, sub-nanosecond rise
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図 2.27 BIS 7/8ステーションの概要図 [9]。sMDTと３層のRPC BIS 7/8で構成される。
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These features rely on a new generation of front-end electronics explicitly designed to maximize the S/N of 
fast RPC pulses while keeping intact the basic detector structure, its simple non-critical mechanical layout 
and low production cost.  The R&D program is briefly described Section 4.6. In addition, the mechanical 
structure has been recently redesigned to allow the up to 4 m long chambers to be self-weight bearing 
using just 10 mm thick honeycomb support panels. 

The RPC will be reengineered with a thinner ~1 mm gas gap and thinner ~1.2 mm electrodes compared to 
the ATLAS standard (2 mm in both cases). This redesign has several benefits: 

x less thickness and weight 
x faster and smaller signals (2 ns FWHM) 
x same avalanche saturation with less developed charge 

The redesigned gas distribution will include a built-in manifold to uniformly flow the gas inside the gap. 
This system will be equipped with an embedded gas inlet without external parts for improved gas 
connection reliability. 

The RPC chambers are proposed to be constructed as triplets that will be operated with a 2/3 majority. The 
excellent time resolution of the RPCs allows a narrow coincidence window of 5-10 ns with full efficiency. 

This feature, coupled with good 2D granularity ensures that the 2/3 majority trigger provides the same high 
overall efficiency (>98%) while rendering the background and fakes contamination negligible. Figure 4-8 
shows a preliminary detector layout implemented with 2D readout through η and ϕ panels. An alternative 
chamber configuration being considered uses only η panels but with FE readout at both ends. In this case, 
the ϕ coordinate measurement is extracted using the mean-timer technique described in [A0]. 

A new front-end electronics readout has been designed based on the conceptual scheme in Figure 4-9. This 
is explicitly conceived to exploit the BJT transistor (Bipolar Junction Transistor) features for the fast pulses 

Figure 4-8. Sketch of the proposed triplet. In this version both sides of the gap are equipped with readout panels. Another option 
foresee the Eta panels only while the Phi is derived from the differences of time at the two ends of the Eta strip (mean-timer) 
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図 2.28 RPC BIS 7/8の断面図 [10]。ガスギャップの両面に設置されたストリップで ηと
φの情報を読み出す。



• Two energy scale calibrations for topological clusters 

✦ Electromagnetic (EM) 
✦ Local cluster weighting (LCW): Distinguish EM/HAD depositions

12

Jet inputs: calorimeter clusters

Introduction
23

• Calorimeter signals are collected 
into 3D topological clusters 
• Anti-kT, C/A algorithms to 
create jets from calorimeter 
3D topological clusters in several 
sizes using two energy scales 
- EM:   ElectroMagnetic detector scale 
- LCW: Local Cluster Weighting scale 
‣ Deposits classified as being either 

electromagnetic or hadronic  
using shower shape variables

3D topological cluster
|E| > 4 σnoise
|E| > 2 σnoise
|E| > 0 σnoise 
( neighboring cell on     )

: Calorimeter cell

• Raw calorimeter signal need to be calibrated to the jet 
calibration reference scale: truth jet

arXiv:1603.02934

Topo-cluster formation

http://arxiv.org/abs/1603.02934


Jet calibration chain
24

• Start from input EM or LCW jets 
- Origin correction: to account for 
the hard scattering primary vertex,  
changes the jet direction, and 
improves η resolution

5

• Origin correction: to 

account for the hard 

scattering primary vertex. 

Changes the jet direction

- Start from input EM or LCW jets

Jet calibration chain

Jets at EM or LCW 
constituent scale 

Origin 
Correction

Pile-up 
Correction

MC EtaJES 
Calibration

In-situ 
Calibrations

Global 
Sequential 
Calibrations

Jets for physics 
( EM or LCW + 
JES + GSC + 
In-situ )

in Section 5.6. The final stage of the calibration, the residual in-situ calibration, will be discussed in
Section 6.

Dag Gillberg, Carleton 09/02/2015Jet calibration schemes 

Jet calibration scheme

1

Residual in-situ 
calibration

EM or LCW 
constituent scale jets

Residual pile-up 
correction

Absolute EtaJES

Origin Correction

Global sequential 
calibration

Jet area based pile-
up correction

Function of µ and NPV 
applied to the jet at  

constituent scale

Function of event pile-up 
energy density and jet area

Jet finding applied to 
topological clusters at 

EM or LCW scale

Changes the jet direction 
to point to the primary 

vertex.  Does not affect E.

Corrects the jet 4-vector 
to the particle level scale. 

Both the energy and 
direction are calibrated.

Based on tracking and 
muon activity behind jets. 

Reduces flavour dependence 
and energy leakage effects.

A final residual calibration 
is derived using in-situ 
measurements and is 
applied only to data

Figure 1: The stages used in the calibration of EM and LCW jets.

5.1 Origin Correction

The ATLAS calorimeters measure the energy of particles. Topo-clusters therefore require to be assigned
a direction to complete their 4-vector. The default choice is to point them at the center of the detector,
however, following reconstruction of the full event a better assumption is that they originated from the
position of the “first primary vertex”5. The origin correction accounts for this di↵erence by finding the
energy center of the jet and then modifying the jet 4-vector such that the energy is unchanged but the
direction originates from the “first primary vertex”.

This procedure results in a dramatic improvement in the ⌘ resolution of jets due to the length of
the beamspot along the beamline, which had a luminous size of between 40-55 mm in 2012. This
improvement is shown in Figure 2. Also shown in Figure 2 is the resolution in � for completeness.
There is little change in the resolution in � before and after the origin correction due to the small spread
of the beam-spot in x, y.
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Figure 2: The e↵ect of the origin correction on the ⌘ resolution (a) and � resolution (b) of R = 0.4 jets.

5The “first primary vertex” is defined by that which has the highest
P

p
2
T of tracks (with pT > 400 MeV) associated with

it.

5

ATLAS-CONF-2015-037

Improvement

Length of the beamspot  
along the beam line : ~50 mm

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-037/


ジェットのグルーミング
25

1. R=R0 で jet を組む.( using any algorithm ) 
コレを seed jet と呼ぶ. 

2. それぞれの seed jet 内で R=Rsub (<R0)で 
sub jetを組む。( algorithm は kT を使う ) 

3. sub jet i が以下を満たすなら捨てる。 
pTi < fcut ・ Λhard 

4. 3. の cut で残った jet を trimmed jet とする

fcut : fixed dimensionless parameter
Λhard : hard scale ( e.g. pTjet , H=ΣpT)

グルーミングテクニック 
ISR, multiple partion interaction (MI), pileup がなければ R は大きく 
したい。しかし、実際にはそれらが存在するために R の大きい jet は 
contaminate される。R を大きくしつつ, contamination を抑えるために 
“グルーミング” を行う。Trimming はそのうちの１つ。

J
H
E
P
0
9
(
2
0
1
3
)
0
7
6

Figure 4. Diagram depicting the jet trimming procedure.

Figure 5. Diagram illustrating the pruning procedure.

Six configurations of trimmed jets are studied here, arising from combinations of fcut
and Rsub, given in table 1. They are based on the optimized parameters in ref. [12]

(fcut = 0.03, Rsub = 0.2) and variations suggested by the authors of the algorithm. This

set represents a wide range of phase space for trimming and is somewhat broader than

considered in ref. [12].

Pruning: the pruning algorithm [3, 11] is similar to trimming in that it removes con-

stituents with a small relative pT, but it additionally applies a veto on wide-angle radiation.

The pruning procedure is invoked at each successive recombination step of the jet algo-

rithm (either C/A or kt). It is based on a decision at each step of the jet reconstruction

whether or not to add the constituent being considered. As such, it does not require the

reconstruction of subjets. For all studies performed for this paper, the kt algorithm is used

in the pruning procedure. This results in definitions of the terms wide-angle or soft that

are not directly related to the original jet but rather to the proto-jets formed in the process

of rebuilding the pruned jet.

The procedure is as follows:

• The C/A or kt recombination jet algorithm is run on the constituents, which were

found by any jet finding algorithm.

• At each recombination step of constituents j1 and j2 (where p
j1
T > p

j2
T ), either

p
j2
T /p

j1+j2
T > zcut or �Rj1,j2 < Rcut ⇥ (2mjet

/p
jet
T ) must be satisfied. Here, zcut

and Rcut are parameters of the algorithm which are studied in this paper.
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jets have better fractional mass resolution (⇠ 5 � 10%) than the pruned jets, especially for

those jets with grooming applied after the C/A algorithm. The trimmed jet mass resolu-

tion also remains fairly stable across a large p
jet
T range, with equivalent performance for

anti-kt and C/A jets.

5.1.3 Signal and background comparisons with and without grooming

Leading-pjetT jet distributions of mass, splitting scales and N -subjettiness are compared for

jets in simulated signal and background events in the range 600 GeV  p
jet
T < 800 GeV.

As seen in figures 29–31, showing distributions for the two-pronged decay case, and in

figures 32–35 showing comparisons for the three-pronged decay case, better discrimina-

tion between signal and background is obtained after grooming. In these figures, the

ungroomed distributions are normalized to unit area, while the groomed distributions have

the e�ciency with respect to the ungroomed large-R jets folded in for comparison. This

is especially conspicuous in the C/A jets with mass-drop filtering applied as mentioned

previously.
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Figure 29. Leading-pjet
T jet mass for simulated HERWIG+JIMMY Z ! qq̄ signal events (red)

compared to POWHEG+PYTHIA dijet background events (black) for jets in the range 600 GeV 
p
jet
T < 800 GeV. The dotted lines show the ungroomed jet distributions, whereas the solid lines

show the (a) trimmed and (b) mass-drop filtered jet distributions. The trimming parameters are
fcut = 0.05 and Rsub = 0.3 and the mass-drop filtering parameter is µfrac = 0.67. The groomed
distributions are normalized with respect to the ungroomed distributions, which are themselves
normalized to unity.

The mass resolution of the simulated Z ! qq̄ signal events shown in figure 29 dra-

matically improves after trimming or mass-drop filtering for anti-kt jets with R = 1.0 and

C/A jets with R = 1.2, respectively. Mass-drop filtering has an e�ciency of approximately

55% and therefore fewer jets remain in this figure. After trimming or mass-drop filtering,

the mass peak corresponding to the Z boson is clearly seen at the correct mass. Note that

– 43 –

Trimming によって Z mass 
のピークがクリアになる。



Limits in various channels (ATLAS)
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Limits in various channels (CMS)
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◆ Motivation 
‣ ATLAS飛跡検出器の全ヒットのうち、 
トラック再構成に使われるものは、20% 
つまり、残りの80% はトラック再構成 
できないような（Low pTの）荷電粒子に 
よって作られている -> Unused Cluster 

‣ ATLAS でレプトンのフェイクの原因の 
大部分は Jet 起源。Unused Cluster を 
用いることで本物のレプトンとJet 起源のレプトンを分けられるかも。 
トラッキングされていないので、Hit 情報にアクセスし、傾向を探る。 

◆ 結果 
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BDT 結果
◆ Setup 
‣ Input information  
‣ Cluster数 (Used/Unused)×(L0-3) 
‣ Nearest dR (Used/Unused)×(L0-3) 

‣ Algorithm: 
‣ TMVA BDTG 
‣ NTree = 100, MaxDepth = 5 

◆ Sample 
‣ sig ̶> Zmumu MC         pass tight criteria, truth muon from Z  
‣ bkg ̶> dijet MC,            pass tight criteria, isolated
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