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高エネルギー現象の「直接」測定 
LHC・ATLAS実験
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•宇宙初期の様子を再現できる(10-12~10-14sec) 
!
•E=mc2 : m大 → 重い粒子をつくれる 
!
•E=hν=h・(c/λ) : 小さな構造を探れる : 10-18m

CMB , …

新物理



　　project mapping by Ligeti2
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「 いけるところまでしか いけない 」が， 
人工的に作って・見るアプローチは王道だ
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予言① もし「大統一理論」が正しい理論なら・・・
陽子が崩壊する！

09}�5¡q6��c£¦5�m4;-/�� a3=8'�
�£¦f%B6t��|3#1q�50����

p

π0

e+
X
大統一理論の

ゲージ粒子（重い）
u
u

d
d-

2012年5月17日木曜日



加速器の history・発見した粒子3

LHC 

７→８→13→14TeV

gluon

W/Z

top

tauJ/ψ

Higgs

「新粒子」の直接発見をリードしてきたのが 
各時代の高エネルギーフロンティアマシーン
であるのも、また事実
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Recent Physics results from 

LHC experiments

4

Large Hadron Collider

p-p 衝突 E 

７→８→13→14TeV

L max. = 7x1033 cm-2 sec-1

2012

積分 Luminosity [fb-1]

2011
2010

8TeV p-p , 125 GeV ( → 20pb）!

    20pb x 25fb-1 !
=  500 x 10-12 x 1/10-15!

=  500,000 個
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• 唯一のHiggs直接生成マシーン ~ 2030 
• Energy Frontier



LHC Run-1  :  2010 - 20126
24

H→ZZ
Analysis reoptimized for full 2011+2012 data set

Tighter electron identification for low mass ee pair
Improved mass-pairing and lower mass cut
Z mass constraint and new FSR recovery procedure

ATLAS-CONF-2013-013

Best fit mass: Signal strength:

Observed significance: 6.6σ
(Expected: 4.4σ for SM Higgs)

Higgs :発見した　→　それで？ Moriond 2014 
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Figure 1: The measured signal strengths for a Higgs boson of mass mH =125.5 GeV, normalised to the
SM expectations, for the individual final states and various combinations. The best-fit values are shown
by the solid vertical lines. The total ±1� uncertainties are indicated by green shaded bands, with the
individual contributions from the statistical uncertainty (top), the total (experimental and theoretical)
systematic uncertainty (middle), and the theory uncertainty (bottom) on the signal strength (from QCD
scale, PDF, and branching ratios) shown as superimposed error bars. The measurements are based on
Refs. [3, 5, 6], with the changes mentioned in the text.

Section 2. In the H ! ⌧⌧ channel, the ratio µVBF+VH/µggF+ttH has an infinite 1� upper bound, because
the signal is almost only observed in the VBF mode, hence the ggF denominator can be arbitrarily small.

To test the sensitivity to VBF production alone, the data are also fitted with the ratio µVBF/µggF+ttH .
In order not to influence the VBF measurement through the VH categories, the parameter µVH/µggF+ttH
is treated independently and profiled. A value of

µVBF/µggF+ttH = 1.4+0.5
�0.4 (stat) +0.4

�0.3 (sys)

is obtained from the combination of the four channels (Fig. 4). This result provides evidence at the 4.1�
level that a fraction of Higgs boson production occurs through VBF.

6

ヒッグスの崩壊モードが標準模型の 
予言(μ=1)より大きいかどうか 
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Figure 3: Measurements of the µVBF+VH/µggF+ttH ratios for the individual final states and their combi-
nation, for a Higgs boson mass mH =125.5 GeV. The best-fit values are represented by the solid vertical
lines, with the total ±1� and ±2� uncertainties indicated by the green and yellow shaded bands, re-
spectively, and the statistical uncertainties by the superimposed horizontal error bars. The numbers in
the second column specify the contributions of the statistical uncertainty (top), the total (experimental
and theoretical) systematic uncertainty (middle), and the theoretical uncertainty (bottom) on the signal
cross section (from QCD scale, PDF, and branching ratios) alone. For a more complete illustration, the
likelihood curves from which the total uncertainties are extracted are overlaid. The measurements are
based on Refs. [3, 6], with the changes mentioned in the text.

means in particular that the observed state is assumed to be a CP-even scalar as in the SM (this
assumption was tested by both the ATLAS [15] and CMS [16] Collaborations).

The LO-motivated coupling scale factors k j are defined in such a way that the cross section � j and
the partial decay width � j associated with the SM particle j scale with the factor k2

j when compared to
the corresponding SM prediction. Details can be found in Refs. [14, 17].

In some of the fits the e↵ective scale factors kg and kg for the processes H ! gg and gg ! H, which
are loop-induced in the SM, are treated as a function of the more fundamental coupling scale factors kt,
kb, kW, and similarly for all other particles that contribute to these SM loop processes. In these cases
the scaled fundamental couplings are propagated through the loop calculations, including all interference
e↵ects, using the functional form derived from the SM. Similarly the scaling of the VBF cross section
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ゲージ相互作と湯川相互作用 
によるヒッグス生成の割合 

23

H→γγ
Updated to full 2011+2012 data sets
Re-optimized event categorization to improve coupling measurements

New categories for associated production
Multi-variate selection for VBF categories

ATLAS-CONF-2013-012

Observed significance: 7.4σ
(Expected: 4.1σ for SM Higgs)

Best fit mass:

Signal strength:
μ= (2.3σ above SM Higgs prediction)

Fiducial cross section:

Moriond 2014 
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Figure 5: Results of fits for the 2-parameter benchmark model defined in Section 5.2.1 that probe di↵erent
coupling strength scale factors for fermions and vector bosons, assuming only SM contributions to the
total width: (a) Correlation of the coupling scale factors kF and kV ; (b) the same correlation, overlaying
the 68% CL contours derived from the individual channels and their combination; (c) coupling scale
factor kV (kF is profiled); (d) coupling scale factor kF (kV is profiled). The dashed curves in (c) and (d)
show the SM expectations. The thin dotted and dash-dotted lines in (c) indicate the continuations of the
likelihood curves when restricting the parameters to either the positive or negative sector of kF .
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ヒッグス粒子の質量は輻射補正によって二次発散を含む (ヒッグス粒子の階層性問題)。これは現在の
素粒子物理学における未解決問題の一つであり、これを解決するには素粒子標準模型を超えた物理が
必要である。ヒッグス粒子の階層性問題を解決する物理モデルの 1 つに、vector like quark(VLQ)
がある。VLQ はカイラリティの左手系、右手系が同じ SU(2) 表現に属するクオークであり、特に左
手系右手系ともに SU(2) 一重項に属し、電荷が+2/3 である VLQ T(以下、T と表記する) は図 2 の
ようにヒッグス粒子と標準模型トップクオークと結合し、ヒッグス粒子の質量の発散を解消する。[1]

Figure 1. One-loop Higgs mass renormalization in a model with a fermionic top partner,

such as the Littlest Higgs.

the theory. What is the minimal set of new particles that must appear below 1 TeV to

avoid fine-tuning? It is well known that the only SM contribution to the Higgs mass

that must be modified at sub-TeV scales is the one-loop correction from the top sector.

All other SM loops are numerically suppressed by either gauge or non-top Yukawa cou-

plings, by extra loop factors, or both. As a result, the states responsible for cutting o↵

these loops can lie above 1 TeV with no loss of naturalness. Thus, the sub-TeV particles

that soften the divergence in the top loop, the “top partners,” provide a uniquely well-

motivated target for searches at the LHC, and it must be ensured that a comprehensive,

careful search for such partners is conducted.

The best-known mechanism for canceling the Higgs mass divergences is super-

symmetry (SUSY). In SUSY models, the quadratic divergence in the SM top loop is

cancelled by loops of scalar tops, or stops. Recently, a number of papers [2] empha-

sized the importance of stop searches at the LHC, and reinterpreted the published

LHC results, based on the 1 fb�1 integrated luminosity data set, in terms of bounds

on stop masses. It was found that completely natural spectra are allowed so far. On

the other hand, incorporating a 125 GeV Higgs in the Minimal SUSY Model (MSSM)

does require significant fine-tuning, of order 1% at best. (Fine-tuning can be reduced

in non-minimal models [3].)

However, SUSY is not the only option for canceling the quadratic divergence in the

SM top loop. An alternative is to introduce a spin-1/2 top partner T , a Dirac fermion

with mass mT , which is an SU(2)L singlet, color triplet, and has electric charge 2/3.

In the Weyl basis, T = (TL, TR). This field couples to the SM Higgs doublet H via

L = ��TT
†
RH̃Q

3

+
�2

t + �2

T

2mT
(H†H)T †

LTR + h.c. , (1.1)

where Q
3

is the SM third-generation left-handed quark doublet, �t is the SM top

Yukawa, �T is a new dimensionless coupling constant, and H̃ = (i�
2

H)†. The one-

– 2 –

図 2: Tがヒッグス粒子と結合するファインマンダイアグラ
ム。(a)のループによるヒッグス質量の発散が、(b)と (c)の
ループで解消される。

Tの探索における問題点はTは背景事象
の多さである。膨大な背景事象を含むデー
タの中から Tの信号を探し出さなければ
ならない。これを解決するため、トリガー
とオフライン解析の両方で十分に背景事象
を削減できるよう工夫する必要がある。

LHC RUN2では衝突エネルギーが上が
り、Tの生成断面積が上がるため、RUN1
では探索できなかった重いTの探索が可能
になる。Tの質量が大きくなると、その崩
壊によって生じる粒子の pT が大きくなる。私はこの pT の高さを利用して従来よりも背景事象の少ない解
析が行えるのではないかと考え、この研究の着想に至った。
参考文献

[1] A Fermionic Top Partner: Naturalness and the LHC, arXiv:1205.1103(2013)

田代 拓也

(b) 作成した回路の動作検証
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図 1: レベル 1ミューオントリガーの擬ラ
ピディティ分布。コインシデンス回路の導
入により、19.6%のトリガーが削減される。

(a)で作成した回路に対し、まずコンピュータの回路シミュ
レーションを用いて動作確認を行った。次に任意の入力信号
が作れるようなテストシステムを作成し、作成した回路の実
機に対して様々な入力信号を送り、全ての入力信号に対して
回路が正しい出力を出すことを確認した。この結果をまとめ
て日本物理学会 2012年秋季大会にて発表した。
(c) 新しい回路の実装準備

2012年 11月より、私が作った回路をATLAS検出器に導
入した。ここで回路の安定性を確認することが出来たため、
これ以降ATLAS検出器には私が作った回路が実装されてい
る。
(d) 回路導入によるトリガーの影響の見積もり

2012年に得られたデータから、回路導入によるRUN2で
のトリガーレート削減およびトリガー効率の変化を見積もっ
た。図 1にミューオントリガーの擬ラピディティ分布を示す。
新しいコインシデンス回路の導入によって低下するトリガー
効率を 1%程度に抑えつつ、約 19.6%のトリガーが削減可能であることをここで確かめた。以上の結果を
修士論文にまとめ、発表した。

ここから先は，筋書きのないドラマ … 

各自の嗅覚とセンスでアプローチ



階層性の問題を いわゆる Mpl より手前で解決する8

LHC : 7 -> 8 -> 13 -> 14TeV 
新粒子をみつけるなら，「今」
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ヒッグス粒子の質量は輻射補正によって二次発散を含む (ヒッグス粒子の階層性問題)。これは現在の
素粒子物理学における未解決問題の一つであり、これを解決するには素粒子標準模型を超えた物理が
必要である。ヒッグス粒子の階層性問題を解決する物理モデルの 1 つに、vector like quark(VLQ)
がある。VLQ はカイラリティの左手系、右手系が同じ SU(2) 表現に属するクオークであり、特に左
手系右手系ともに SU(2) 一重項に属し、電荷が+2/3 である VLQ T(以下、T と表記する) は図 2 の
ようにヒッグス粒子と標準模型トップクオークと結合し、ヒッグス粒子の質量の発散を解消する。[1]

Figure 1. One-loop Higgs mass renormalization in a model with a fermionic top partner,

such as the Littlest Higgs.

the theory. What is the minimal set of new particles that must appear below 1 TeV to

avoid fine-tuning? It is well known that the only SM contribution to the Higgs mass

that must be modified at sub-TeV scales is the one-loop correction from the top sector.

All other SM loops are numerically suppressed by either gauge or non-top Yukawa cou-

plings, by extra loop factors, or both. As a result, the states responsible for cutting o↵

these loops can lie above 1 TeV with no loss of naturalness. Thus, the sub-TeV particles

that soften the divergence in the top loop, the “top partners,” provide a uniquely well-

motivated target for searches at the LHC, and it must be ensured that a comprehensive,

careful search for such partners is conducted.

The best-known mechanism for canceling the Higgs mass divergences is super-

symmetry (SUSY). In SUSY models, the quadratic divergence in the SM top loop is

cancelled by loops of scalar tops, or stops. Recently, a number of papers [2] empha-

sized the importance of stop searches at the LHC, and reinterpreted the published

LHC results, based on the 1 fb�1 integrated luminosity data set, in terms of bounds

on stop masses. It was found that completely natural spectra are allowed so far. On

the other hand, incorporating a 125 GeV Higgs in the Minimal SUSY Model (MSSM)

does require significant fine-tuning, of order 1% at best. (Fine-tuning can be reduced

in non-minimal models [3].)

However, SUSY is not the only option for canceling the quadratic divergence in the

SM top loop. An alternative is to introduce a spin-1/2 top partner T , a Dirac fermion

with mass mT , which is an SU(2)L singlet, color triplet, and has electric charge 2/3.

In the Weyl basis, T = (TL, TR). This field couples to the SM Higgs doublet H via

L = ��TT
†
RH̃Q

3

+
�2

t + �2

T

2mT
(H†H)T †

LTR + h.c. , (1.1)

where Q
3

is the SM third-generation left-handed quark doublet, �t is the SM top

Yukawa, �T is a new dimensionless coupling constant, and H̃ = (i�
2

H)†. The one-
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図 2: Tがヒッグス粒子と結合するファインマンダイアグラ
ム。(a)のループによるヒッグス質量の発散が、(b)と (c)の
ループで解消される。

Tの探索における問題点はTは背景事象
の多さである。膨大な背景事象を含むデー
タの中から Tの信号を探し出さなければ
ならない。これを解決するため、トリガー
とオフライン解析の両方で十分に背景事象
を削減できるよう工夫する必要がある。

LHC RUN2では衝突エネルギーが上が
り、Tの生成断面積が上がるため、RUN1
では探索できなかった重いTの探索が可能
になる。Tの質量が大きくなると、その崩
壊によって生じる粒子の pT が大きくなる。私はこの pT の高さを利用して従来よりも背景事象の少ない解
析が行えるのではないかと考え、この研究の着想に至った。
参考文献

[1] A Fermionic Top Partner: Naturalness and the LHC, arXiv:1205.1103(2013)
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(b) 作成した回路の動作検証
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図 1: レベル 1ミューオントリガーの擬ラ
ピディティ分布。コインシデンス回路の導
入により、19.6%のトリガーが削減される。

(a)で作成した回路に対し、まずコンピュータの回路シミュ
レーションを用いて動作確認を行った。次に任意の入力信号
が作れるようなテストシステムを作成し、作成した回路の実
機に対して様々な入力信号を送り、全ての入力信号に対して
回路が正しい出力を出すことを確認した。この結果をまとめ
て日本物理学会 2012年秋季大会にて発表した。
(c) 新しい回路の実装準備

2012年 11月より、私が作った回路をATLAS検出器に導
入した。ここで回路の安定性を確認することが出来たため、
これ以降ATLAS検出器には私が作った回路が実装されてい
る。
(d) 回路導入によるトリガーの影響の見積もり

2012年に得られたデータから、回路導入によるRUN2で
のトリガーレート削減およびトリガー効率の変化を見積もっ
た。図 1にミューオントリガーの擬ラピディティ分布を示す。
新しいコインシデンス回路の導入によって低下するトリガー
効率を 1%程度に抑えつつ、約 19.6%のトリガーが削減可能であることをここで確かめた。以上の結果を
修士論文にまとめ、発表した。
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Figure 1: A representative diagram (a) illustrating heavy quark pair production and vector-like decay
modes. The pair production cross section versus quark mass (b) as predicted by HATHOR [35] for pp
collisions at

p
s = 7 TeV and 8 TeV. The bottom panel shows the 8 TeV/7 TeV cross section ratio.

cross section is shown in Fig. 1(b) as a function of the new quark mass. The prediction has been computed
with HATHOR v1.2 [35], an approximate next-to-next-to-leading-order (NNLO) calculation, using the
MSTW2008 NNLO 90% C.L. [36] set of parton distribution functions (PDFs), and is independent of the
electroweak quantum numbers of the new quark. The 8 TeV cross section ranges from approximately
5 pb for a quark mass of 350 GeV to approximately 10 fb for a quark mass of 850 GeV. Uncertainties
have been calculated according to the MSTW prescription [37] and range from approximately 10 to 20%
in the mass range considered in this analysis.

Once produced, the final state topology depends on the decay modes of the new quarks. Unlike chiral
quarks, where only the charged-current decay mode occurs at tree-level due to GIM suppression of the
neutral-current modes, vector-like quark decays can proceed at tree-level to a W , Z, or H boson plus a SM
quark. Additionally, vector-like quarks are generally assumed to couple preferentially to third generation
SM quarks, as the mixing is proportional to the mass of the SM quark [38]. Therefore, Fig. 1(a) depicts
a T or a B vector-like quark, represented by Q, decaying to either a SM t or b quark, represented by
q/q0, and a Z, H, or W boson. The branching ratios of a T quark versus its mass, as computed by
PROTOS v2.2 [39, 16], are shown in Fig. 2(a). A weak-isospin singlet T quark hypothesis is depicted, as
well as a T that is part of a weak-isospin doublet. The doublet prediction is valid for an (X ,T ) doublet,
where the charge of the X quark is +5/3, as well as a (T,B) doublet when a mixing assumption of
VT b ⌧VtB is made [16]. Note that BR(T !Wb) = 0 in the doublet cases. Similarly, Fig. 2(b) shows the
branching ratio of a B quark versus mass for the singlet and doublet hypotheses. In the case of a (T,B)
doublet, BR(B!Wt) = 1. Branching ratio values are also shown for a (B,Y ) doublet, where the charge
of the Y quark is �4/3. The charged-current mode, BR(B!Wt), is absent in this case.

Simulated samples of leading-order pair production events were generated for the T T̄ and BB̄ hy-
potheses with PROTOS v2.2 interfaced with PYTHIA [40] v6.421 for parton shower and fragmentation,
and using the MSTW 2008 LO 68% C.L. [36] set of PDFs. The cross section normalization of these
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(colored) SUSY search：より conservative ?9

Natural SUSY with ATLAS - 26th March 2013 - CERN

Strong production

• No excess above SM in any of the signal 
regions:

• interpreted first as a model-independent 

95% C.L. limit on  σvis of BSM processes 

• then as an exclusion limit in specific SUSY 
models
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of leptons), where the mass constraints strongly depends on the assumed SUSY mass spectrum [16,
17]. The sensitivity to heavy SUSY particles will be increased significantly when the full LHC energy
of
p

s = 14 TeV is reached. In the following, the improvement in mass reach comparing 300 fb�1

to 3000 fb�1 is discussed for three types of SUSY searches, inspired by simplified standard analyses
developed for 7 and 8 TeV data. Coarse systematic uncertainties of 30% on the background estimates
are assumed to determine the reach. The sensitivity is expressed in terms of expected 5� discovery reach
and exclusion limits at 95% CL.

Squark and gluino searches Generic searches for the production of squarks of the first two generations
and gluinos are carried out in events with final states characterised by the presence of multiple jets and
large missing transverse momentum. Figure 5(a) shows the discovery potential and exclusion reach
achievable for q̃ and g̃ in an illustrative simplified model with a massless LSP. An increase of integrated
luminosity from 300 fb�1 to 3000 fb�1 improves the sensitivity to both particles by approximately 400-
500 GeV, a result confirmed in independent studies [19]. These results remain essentially unchanged
for LSP masses up to about 1/3 of the mass of the strongly produced particle. If large deviations are
observed with respect to the SM background estimates, dominated by Z ! ⌫⌫+jets and tt̄ production,
the kinematic properties of the events can be studied and decay products in the decay chain of the SUSY
particles can be identified. Figure 5(b) shows the mbb invariant mass distribution for a benchmark SUSY
model with squarks and gluinos decaying in complex final states including Higgs bosons, for which with
3000 fb�1 the SUSY Higgs signal yield could be determined to ⇡10%.

Third generation searches Naturalness arguments [20, 21] require the top squark to be light, typically
below 1 TeV. At

p
s = 14 TeV the direct stop pair production cross section for 600 GeV (1 TeV) stops

is 240 (10) fb. An increase in luminosity from 300 fb�1 to 3000 fb�1 increases the sensitivity to heavy
stop or, if stop candidates are found, will allow to measure their properties. Stops can decay in a variety
of modes which typically includes top or b-quarks, W/Z or Higgs bosons, and an LSP. Pair production
signatures are thus characterised by the presence of several jets, including b-jets, large missing transverse
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Figure 5: (a) The 95% CL exclusion limits (solid lines) and 5� discovery reach (dashed lines) in a
simplified squark–gluino model with massless neutralino with 300 fb�1 (blue lines) and 3000 fb�1 (red
lines). The colour scale shows the

p
s = 14 TeV NLO production cross section calculated by Prospino

2.1 [18]. (b) The mbb invariant mass distribution for a benchmark SUSY model compared to the SM
background processes for 3000 fb�1 of integrated luminosity.

9

縦・横、ひっくりかえって 
いるけれど ...

このポイントより小さな massに	


あれば，見つけられる

LHC 

７→８→13→14TeV

新粒子 → 新物理



10
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Physics prospects with the first few fb�1 of Run-2 
Andreas Hoecker, ATLAS week at Marrakech, Morocco, Oct 7, 2013 

Hopes and fears for 2015 ?  
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LHC : 7 -> 8 -> 13 -> 14TeV 
と増加していく時は、new particle searchに、と

てもよい季節　（ １０年に １度 ）
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Figure 1: A representative diagram (a) illustrating heavy quark pair production and vector-like decay
modes. The pair production cross section versus quark mass (b) as predicted by HATHOR [35] for pp
collisions at

p
s = 7 TeV and 8 TeV. The bottom panel shows the 8 TeV/7 TeV cross section ratio.

cross section is shown in Fig. 1(b) as a function of the new quark mass. The prediction has been computed
with HATHOR v1.2 [35], an approximate next-to-next-to-leading-order (NNLO) calculation, using the
MSTW2008 NNLO 90% C.L. [36] set of parton distribution functions (PDFs), and is independent of the
electroweak quantum numbers of the new quark. The 8 TeV cross section ranges from approximately
5 pb for a quark mass of 350 GeV to approximately 10 fb for a quark mass of 850 GeV. Uncertainties
have been calculated according to the MSTW prescription [37] and range from approximately 10 to 20%
in the mass range considered in this analysis.

Once produced, the final state topology depends on the decay modes of the new quarks. Unlike chiral
quarks, where only the charged-current decay mode occurs at tree-level due to GIM suppression of the
neutral-current modes, vector-like quark decays can proceed at tree-level to a W , Z, or H boson plus a SM
quark. Additionally, vector-like quarks are generally assumed to couple preferentially to third generation
SM quarks, as the mixing is proportional to the mass of the SM quark [38]. Therefore, Fig. 1(a) depicts
a T or a B vector-like quark, represented by Q, decaying to either a SM t or b quark, represented by
q/q0, and a Z, H, or W boson. The branching ratios of a T quark versus its mass, as computed by
PROTOS v2.2 [39, 16], are shown in Fig. 2(a). A weak-isospin singlet T quark hypothesis is depicted, as
well as a T that is part of a weak-isospin doublet. The doublet prediction is valid for an (X ,T ) doublet,
where the charge of the X quark is +5/3, as well as a (T,B) doublet when a mixing assumption of
VT b ⌧VtB is made [16]. Note that BR(T !Wb) = 0 in the doublet cases. Similarly, Fig. 2(b) shows the
branching ratio of a B quark versus mass for the singlet and doublet hypotheses. In the case of a (T,B)
doublet, BR(B!Wt) = 1. Branching ratio values are also shown for a (B,Y ) doublet, where the charge
of the Y quark is �4/3. The charged-current mode, BR(B!Wt), is absent in this case.

Simulated samples of leading-order pair production events were generated for the T T̄ and BB̄ hy-
potheses with PROTOS v2.2 interfaced with PYTHIA [40] v6.421 for parton shower and fragmentation,
and using the MSTW 2008 LO 68% C.L. [36] set of PDFs. The cross section normalization of these

4

いずれにせよ …
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   Higgs-Fermion , Higgs-Gauge 結合定数の 
（精密）測定
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「Branching Ratio」の測定精度
SMからのズレ → 新物理

Future (HL-LHC) 
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ATLAS-PUB-2013-014 
(October 9, 2013)  
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Figure 21: Relative uncertainty on the total signal strength µ for all Higgs final states in the di↵erent
experimental categories used in the combination, assuming a SM Higgs Boson with a mass of 125 GeV
and LHC at 14 TeV, 300 fb�1 and 3000 fb�1. The hashed areas indicate the increase of the estimated error
due to current theory systematic uncertainties. The abbreviation “(comb.)” indicates that the precision on
µ is obtained from the combination of the measurements from the di↵erent experimental sub-categories
for the same final state, while “(incl.)” indicates that the measurement from the inclusive analysis was
used. The left side shows only the combined signal strength in the considered final states, while the right
side also shows the signal strength in the main experimental sub-categories within each final state.

• The signals observed in the di↵erent search channels originate from a single resonance. A mass of
125 GeV is assumed here.

• The width of the Higgs boson is narrow, justifying the use of the zero-width approximation (this
can be verified using a measurement as discussed in Section 5). Hence the predicted rate for a
given channel can be decomposed in the following way:

� · B (i! H ! f ) =
�i · � f

�H
(1)

where �i is the production cross section through the initial state i, B and � f are the branching ratio
and partial decay width into the final state f , respectively, and �H the total width of the Higgs
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ハイルミ(HL)で期待される 
信号強度測定の不定性 

結合に焼き直したもの 
Nr. Coupling 300 fb�1 3000 fb�1

Theory unc.: Theory unc.:
All Half None All Half None

1  3.2% 2.7% 2.5% 2.5% 1.9% 1.6%
2 V = Z = W 3.3% 2.8% 2.7% 2.6% 1.9% 1.7%
F = t = b = ⌧ = µ 8.6% 7.5% 7.1% 4.1% 3.5% 3.2%

Z 8.4% 7.3% 6.8% 6.3% 5.0% 4.6%
W 8.0% 6.7% 6.2% 6.1% 4.8% 4.3%

3 t 11% 9.0% 8.3% 7.0% 5.6% 5.1%
d3 = ⌧ = b 18% 14% 13% 14% 11% 10%

µ 22% 20% 20% 10% 8.1% 7.5%
Z 8.0% 7.0% 6.6% 5.2% 4.3% 4.0%
W 7.7% 6.8% 6.5% 4.9% 4.2% 3.9%
t 19% 18% 18% 7.7% 6.7% 6.3%

4 d = ⌧ = µ = b 16% 13% 12% 11% 8.2% 7.2%
g 8.9% 7.9% 7.5% 4.3% 3.8% 3.6%
� 13% 9.3% 7.8% 9.3% 5.9% 4.2%
Z� 79% 78% 78% 30% 30% 29%
Z 8.1% 7.1% 6.7% 6.2% 4.9% 4.4%
W 7.9% 6.9% 6.5% 5.9% 4.8% 4.4%
t 22% 20% 20% 10% 8.4% 7.8%

5 d3 = ⌧ = b 18% 15% 13% 15% 11% 9.7%
µ 23% 21% 21% 11% 8.5% 7.6%
g 11% 9.1% 8.5% 6.9% 5.5% 4.9%
� 13% 9.3% 7.8% 9.4% 6.1% 4.6%
Z� 79% 78% 78% 30% 30% 29%

Table 18: Expected precision on Higgs coupling scale factors with 300 and 3000 fb�1 at
p

s = 14 TeV
for selected parametrizations, assuming no new contributions to the Higgs total width beyond those in
the Standard Model. The Higgs total width can still di↵er from its expected value in the Standard Model
in the absence of any new decay modes if any of its couplings to SM particles di↵er from their expected
values. Additional parametrizations explicitly including the b-quark coupling scale factor b are possible
in principle, but are not studied at the moment in the absence of H ! bb̄ projections at high luminosity.
The coupling scale factor V represents the gauge bosons W and Z, F all fermions, and d and d3 all,
respectively third generation, down-type fermions.
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Figure 24: Fit results for mass-scaled coupling ratios Y f /� =  f /�
m f
v for fermions and YV/� =

V/�
mV
v for weak bosons as a function of the particle mass, assuming 300 fb�1 and 3000 fb�1 at 14 TeV

and a SM Higgs Boson with a mass of 125 GeV. For completeness, the uncertainty on the gluon-coupling
ratio measurement g/�, which can be used as an indirect measurement of the top-coupling through the
gg ! H process, is also shown next to the expected measurement for Yt/� which uses the direct ttH
process. The uncertainty on the coupling ratio (Z�)/� is not shown. The relative uncertainties on the
ratios can be found in model Nr. 6 in Table 19.

12 Conclusions

Several new Higgs boson production and decay modes can be observed by the ATLAS detector with
3000 fb�1 at the HL-LHC compared to a sample of 300 fb�1 that would be accumulated before the
Phase-II upgrades, and the precision of all channels can be improved. Compared to previous studies [1],
di↵erent Higgs production modes are explored for several final states, ��, ZZ, WW. Results for the
µµ channel have also been updated, and the expectation for the Z� final state included. These two rare
decay modes can only be studied at HL-LHC. Additional constraints on the Higgs boson width have
been explored, from ZH production with H ! invisible particles, and by using a novel measurement of
the Higgs width from the interference in H ! ��. New results on the more complicated ⌧⌧ and bb decay
modes are under study. The projected precisions on cross section times branching ratio measurements
are interpreted as constraints on Higgs boson couplings to fermions and bosons in a variety of models.
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結合定数の（精密）測定のご利益12

2nd ヒッグスへの制限 
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Δκ=10% ≈ 2TeV 

Δκ=1% ≈ 5TeV 

現在 
ヒッグスの結合のズレに応じて、 
2nd ヒッグスが現れるスケールに 
制限が付く 

mH[TeV]�
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長井くん(名大)の修論 
 

SMからのズレ→ 新物理



よいデータをとる・よい物理をだす13

25 reco. Vertex 
in 2012

よいデータ・よい物理を引き出すための努力 
自分の名刺がわりになるような仕事をひとつ 

やって、ドクター論文を仕上げて次の 
ステップへ行ってほしい 

!

→２つの可能性

イベントの重なりが，困難を引きおこす 
ハードウエア・解析、進化させ続ける

~ 10cm
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Lumi up は嬉しいけど …



b-jet
b-jet
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H

可能性１ 

ミューオントリガー（ハードウエア・L1） 

の回路・検出器開発

14

40MHz → 100KHz（L1・2μsec） →  400Hz 
どのイベントを記録するか？（捨てるか） 

選択するのはトリガー 
!

ハドロンコライダーの物理はトリガーで決まる

    100mb (inelastic)  10-1 b 
→ 10nb (Z)               10-8 b 
→ 10pb (H)               10-11 b

µ



       LVL1_Muon Trigger

3,600 TGC 
320k ch.
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LVL1 μ-トリガースキーム16

1.  IPからμ (仮定) 
2.  3/4 coincidence (1/2) 
3.  全 layer coincidence 
4.  dη v.s. dφ map --> PT

φ

η

toroid 
B-Field

toroid B-Field

dη

dφ

dη

dφ

セクター 
ロジック



おっと，いけない → あわてて対処→本格対処17
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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 : D5 & D6 cell 2015 
②

2015

2018

ほとんど != µ（2010-2012）

2015 
①

田代

救仁郷＋神戸大
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VMEモジュールの作成 ( on going … )19

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



回路開発のための，テストベンチ  160号室20

CERN・KEKのものより， 
コンセプトは２歩先を行っている 

!
!

だが， 
!
!

動作状況は， 
３歩，遅れをとっている …
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(March 20, 2014)  
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Figure 1: The measured signal strengths for a Higgs boson of mass mH =125.5 GeV, normalised to the
SM expectations, for the individual final states and various combinations. The best-fit values are shown
by the solid vertical lines. The total ±1� uncertainties are indicated by green shaded bands, with the
individual contributions from the statistical uncertainty (top), the total (experimental and theoretical)
systematic uncertainty (middle), and the theory uncertainty (bottom) on the signal strength (from QCD
scale, PDF, and branching ratios) shown as superimposed error bars. The measurements are based on
Refs. [3, 5, 6], with the changes mentioned in the text.

Section 2. In the H ! ⌧⌧ channel, the ratio µVBF+VH/µggF+ttH has an infinite 1� upper bound, because
the signal is almost only observed in the VBF mode, hence the ggF denominator can be arbitrarily small.

To test the sensitivity to VBF production alone, the data are also fitted with the ratio µVBF/µggF+ttH .
In order not to influence the VBF measurement through the VH categories, the parameter µVH/µggF+ttH
is treated independently and profiled. A value of

µVBF/µggF+ttH = 1.4+0.5
�0.4 (stat) +0.4

�0.3 (sys)

is obtained from the combination of the four channels (Fig. 4). This result provides evidence at the 4.1�
level that a fraction of Higgs boson production occurs through VBF.

6

ヒッグスの崩壊モードが標準模型の 
予言(μ=1)より大きいかどうか 
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Figure 3: Measurements of the µVBF+VH/µggF+ttH ratios for the individual final states and their combi-
nation, for a Higgs boson mass mH =125.5 GeV. The best-fit values are represented by the solid vertical
lines, with the total ±1� and ±2� uncertainties indicated by the green and yellow shaded bands, re-
spectively, and the statistical uncertainties by the superimposed horizontal error bars. The numbers in
the second column specify the contributions of the statistical uncertainty (top), the total (experimental
and theoretical) systematic uncertainty (middle), and the theoretical uncertainty (bottom) on the signal
cross section (from QCD scale, PDF, and branching ratios) alone. For a more complete illustration, the
likelihood curves from which the total uncertainties are extracted are overlaid. The measurements are
based on Refs. [3, 6], with the changes mentioned in the text.

means in particular that the observed state is assumed to be a CP-even scalar as in the SM (this
assumption was tested by both the ATLAS [15] and CMS [16] Collaborations).

The LO-motivated coupling scale factors k j are defined in such a way that the cross section � j and
the partial decay width � j associated with the SM particle j scale with the factor k2

j when compared to
the corresponding SM prediction. Details can be found in Refs. [14, 17].

In some of the fits the e↵ective scale factors kg and kg for the processes H ! gg and gg ! H, which
are loop-induced in the SM, are treated as a function of the more fundamental coupling scale factors kt,
kb, kW, and similarly for all other particles that contribute to these SM loop processes. In these cases
the scaled fundamental couplings are propagated through the loop calculations, including all interference
e↵ects, using the functional form derived from the SM. Similarly the scaling of the VBF cross section

8

ゲージ相互作と湯川相互作用 
によるヒッグス生成の割合 
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• モチベーション 
* ヒッグスの未発見の崩壊モード H→bb 
* トップクオークの質量精密測定 t → bW 
* (多くのmodelで)一番軽い超対称性粒子 t̃ →bχ̃ ± 
 これらの発見/測定において非常に重要なので、 
 これをきちんと測りたい。

加茂 
隅田
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ATLAS HSG5 Working Group

pTreco Correction vs pT1/pT2 
Correction

8

• If this is a correction for the pT spectrum, shouldn’t it be different for the leading and 
the subleading jet?

• Obtain ~10% improvement using pTreco correction, ~13% improvement using a 
correction that is different for the leading and subleading jet

• RMS clearly not the best measurement of performance...

leading jet
subleading jet
all jets

mbb [GeV]
しかし… b-JET の精密な較正は難しい 
✓B-ハドロンが、レプトンとニュートリノを含んだ崩壊をすると 
　エネルギーを逃がしてしまう 
✓b-JET は、シミュレーションのモデル毎にジェットの作られ方が大きく異なる

- 粒子レベルのJET 
- カロリメータで組まれたJET 
- pT補正を加えた JET 
- 2nd JET を使った補正

-アプローチ 
✓（新しい pileup 補正関数を用いた b-JET の calibration） 
✓さらに、それをデータを使って確認 
     *  Z-ボソンと b-JET がバランスするイベントを使って、 
        エネルギースケールの確認/補正

H→bbの再構成

こっちは正確にわかるので →

→ 算出値とZのETとを比較
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!  38  Countries 
!  174 Institutions  
!  ~ 2950 active scientists: 
     ~ 1840 with a PhD " contribute to  M&O share 
     ~ 1100 students 

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku,  
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, UAN Bogota, Bologna, Bonn, Boston, 
Brandeis, Brasil Cluster, Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, CERN, Chinese 
Cluster, Chicago, Chile, Clermont-Ferrand, Columbia, NBI Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow, SMU Dallas, 
UT Dallas, DESY, Dortmund, TU Dresden, JINR Dubna, Duke, Edinburgh, Frascati, Freiburg, Geneva, Genoa, Giessen, Glasgow, 
Göttingen, LPSC Grenoble, Technion Haifa, Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck, Iowa SU, Iowa, UC 
Irvine, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana, QMW 
London, RHBNC London, UC London, Lund, UA Madrid, Mainz, Manchester, CPPM Marseille, Massachusetts, MIT, Melbourne, 
Michigan, Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, RUPHE Morocco, FIAN Moscow, ITEP 
Moscow, MEPhI Moscow, MSU Moscow, Munich LMU, MPI Munich, Nagasaki IAS, Nagoya, Naples, New Mexico, New York, 
Nijmegen, Northern Illinois University, BINP Novosibirsk, NPI Petersburg,Ohio SU, Okayama, Oklahoma, Oklahoma SU, Olomouc, 
Oregon, LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania, Pisa, Pittsburgh, CAS Prague, CU Prague, TU 
Prague, IHEP Protvino, Regina, Rome I, Rome II, Rome III, Rutherford Appleton Laboratory, DAPNIA Saclay, Santa Cruz UC, 
Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, SLAC,  South Africa Cluster, Stockholm, KTH Stockholm, Stony Brook, Sydney, 
Sussex, AS Taipei, Tbilisi, Tel Aviv, Thessaloniki, Tokyo ICEPP, Tokyo MU, Tokyo Tech, Toronto, TRIUMF, Tsukuba, Tufts, Udine/ICTP, 
Uppsala, UI Urbana, Valencia, UBC Vancouver, Victoria, Waseda, Washington, Weizmann Rehovot, FH Wiener Neustadt, Wisconsin, 
Wuppertal, Würzburg, Yale, Yerevan 

•個人のアイデア・スキルを発揮する場は 本当にいっぱいある 
!
•CERNに集まった多くの優れた人間と戦えるのは、とても面白い 
!
•「歯車」? → 立派な歯車になれてから 悩んでみたら？

LHC
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可能性１ 

!

JETのキャリブレーションとその物理

25



event pileup26

9 

Raw ΣET~2 TeV 
14 jets with ET>40 GeV 
Estimated  PU~50 

１バンチ交差で 50 interactions (max. in 2012)
1011 

protons
1011 

protons
“pileup”

Φ~16μm 
L~10cm

~10cm



実験サイドの努力 v.s. high-<μ>27

9 

Raw ΣET~2 TeV 
14 jets with ET>40 GeV 
Estimated  PU~50 

1011 

protons
1011 

protons
electron energy-scale v.s. <μ>

# of

±0.1%
工夫・努力によって、 

pileupの影響を 

消している 

が、 

コントロールしきれて 

いないものもある 
 ( e.g.  jet E-reso. )

能天気に  50nsバンチ間隔 のまま、 

1.65x1011 pps(微増)・より短い β* <0.5m・ε* キープ 

[ 1.6x1034 , μ~73 ] と進むと、現行の検出器の実験は困る

１交差あたりの 平均 非弾性衝突数 <μ>

Already(approved(
From!Bill!Murray:!
p1)!The!improvement!in!RMS!is!nice,!but!not!
magic.!If!I!read!off!a!1.5%!degrada:on!for!Npv!
increasing!by!10,!should!I!conclude!a!15%!
degrada:on!for!mu!of!150?!

Our!response:!
To!extrapolate!to!high!mu,!perhaps!a!
previously!approved!plot!would!be!more!
useful:!hips://twiki.cern.ch/twiki/pub/
AtlasPublic/JetEtmissApproved2013Pileup1/
fig3b.png!
ANer!the!jet!areas!correc:on,!the!RMS!
degrades!by!roughly!3!GeV!from!mu!=!0!to!40,!
so!a!linear!extrapola:on!would!predict!a!total!
degrada:on!of!12!GeV!at!mu=150!(for!R=0.6!
jets).!

Jet E
nergy決定精度の悪化



 Toshi SUMIDA 第3回 ATLAS-Japan 物理研究会, 11.Dec.2010

What are Jets ?

• Collimated bunches of stable hadrons
- originating from partons (quarks & gluons)

after fragmentation/hadronization

• Difficulty in the jet measurement
- need to understand every stage

‣ Prediction by theory
- parton distribution

✓ quark/gluon
- hadronization

‣ Jet Finding
- approximate attempts to reverse-

engineer the quantum mechanical 
processes of hadronization

‣ Calorimeter response
- in the EM scale
- to hadrons

4

Philipp Schieferdecker (KIT)

What are Jets?

• Collimated bunches of stable hadrons, 
originating from partons (quarks & 
gluons) after fragmentation and 
hadronization

• Jet Finding is the approximate 
attempt to reverse-engineer the 
quantum mechanical processes of 
fragmentation and hadronization
! not a unique procedure ->

several different approaches

• Jets are the observable objects to 
relate experimental observations to 
theory predictions formulated in 
terms of quarks and gluons

Vivian’s Meeting

April 17th 2009 2/14

よい物理を出すために、その１-1 : JET calibration28

• Jet の横方向運動量( pT )を 
正しく測る事は、あらゆる 
物理解析において最重要項目の一つ 
- この測定自体が、 
‣ パートン分布 
‣ 高エネルギーパートンのハドロン化 
‣ 検出器中の物質量 
‣ カロリーメータのノイズ 

- における不定性を含むので非常に難しい

Introduction Introduction MET Corr. Reloaded Isolation E/p Purity Conclusions Backup MPF(nPV) Method Purity Method

Introduction

In-situ methods probing detector regions using a tag-and-probe can be
applied to both data and MC and help validate or further calibrate jets.
We employ γ+jet events with two variables: Direct balance and MPF
(missing ET projection fraction method):

MPF ≡
p⃗γ

T · /⃗ET

[pγ
T ]2

RMPF ≡ 1 + MPF Direct ≡
pjet

T

pγ
T

Direct balance: uses calibrated jets (EM+JES or LC+JES).
MPF looks at the hadronic recoil using the photon and MET, with jets at
EM or LC scales; insensitive to jet algo.

γ

particle jet recoil

tag

probe jet

extra activity

T
Missing E

Jǐŕı Kvita (Jet/Etmiss @ PP Week) Recent Studies on Systematics in γ+jet Analyses 28th March 2012 2 / 30

�������� ���	
���
��
�������	�
���� �

!�#	$�$����������
	��������	

������������	��

�
��
�
������������
���������
���
�����

�	���������������������������	�������������
������������
�������
���

����������
����
���
�
���������������	�������������������������	�����	���
���������
��������
������������

�	����������������������
�������
�����������������

�	���
�
��������	�����������
��

�
������


�
����
���

�������
����
����
��
�������������

�
����

�

�����

�����

γ

なにせ、LHCはハドロンコライダー 
95%の物理チャンネルで JET とは縁がある

MC base

隅田

in situ

間に物事がはさまりすぎていて、元々、
なにが起こっているのか見通しにくい

Z

LHC energy上昇 -> 高いpTまで calibration する

が、観測量 -> 元々 どんなパートンがでてきたのか？ 
焼き直さねば物理はできない -> Jet Energy Calibration



よい物理を出すために、その1-2 : JET calibration29

[GeV]true
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, R=0.4, Topo, EM+JES (Nvtx = 3, mc11a )TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 4, mc11a )TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 6, mc11a )TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 7, mc11a )TAntiK
, R=0.4, Topo, EM+JES (Nvtx >= 8, mc11a )TAntiK

, inclusive, isolated jets comparison, cross-section weighted JXηinclusive 
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0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
, R=0.4, Topo, EM+JES (Nvtx <= 2, mc11a w/ offset corr.)TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 3, mc11a w/ offset corr.)TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 4, mc11a w/ offset corr.)TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 5, mc11a w/ offset corr.)TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 6, mc11a w/ offset corr.)TAntiK
, R=0.4, Topo, EM+JES (Nvtx = 7, mc11a w/ offset corr.)TAntiK
, R=0.4, Topo, EM+JES (Nvtx >= 8, mc11a w/ offset corr.)TAntiK

, inclusive, isolated jets comparison, cross-section weighted JXηinclusive 

pile-up correction後

• pile-up 対策 
✓ pile-upからのエネルギーの補正関数を作成、MC

を使った検証を行った。 
✓ 2012年には、イベント毎の pile-up の様相を 

取り入れた補正関数へと改良した。

pile-up correction前- 現時点でのベスト、 
- でも、よりよい方法についてのアイデアは多数。 
- LHCが進化する(ルミノシティが上昇する)度に 
  必ず直面する問題

大きい<μ>でも働く良い一般解をみつけると 
業界に名を残す仕事になるでしょう

隅田

2012

Event.by.event(pile.up(subtraction8

7 

Jet resolution 
improvement 

Local 
fluctuations? 

Local fluctuations 

2011
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Figure 20: Distributions of the log-likelihood ratio generated with more than 50,000 Monte Carlo
pseudo-experiments when assuming the spin 0+ hypothesis and testing the 0�, 2+m and 2� hypotheses.
In each experiment the expected number of signal and background events is fixed to the observed yields.
The data are indicated by the solid vertical lines, and the median of each of the expected distributions is
indicated by a dashed line. The shaded areas correspond to the observed p0-values, representing the com-
patibility with the tested hypothesis H1 (right shaded area) and the assumed hypothesis H0 (left shaded
area). The distributions (a), (b), and (c) are for BDT and (d), (e), and (f) are for JP-MELA .

support the conclusion that the SM expectation of JP = 0+ is clearly preferred. The alternative spin and
parity hypotheses are excluded with the following confidence levels for the BDT (JP-MELA) analysis:
98.9% (99.7%) for 0�, 84% (83%) for 2+m and 97.1% (97.5%) for 2�.

9 Summary

Updated search results for the newly observed Higgs-like particle have been presented, using 4.6 fb�1

of data at
p

s = 7 TeV and 13.0 fb�1 at
p

s = 8 TeV recorded by the ATLAS detector. An excess of
events above background is seen with the smallest p0 of 0.0021% (4.1 standard deviations) appearing
at mH = 123.5 GeV. This can be compared to the previous result of a p0 value of 0.018% (3.6 standard
deviations), at mH = 125 GeV, for 4.9 fb�1 at

p
s = 7 TeV and 5.8 fb�1 at

p
s = 8 TeV. The fitted mass

is 123.5 ± 0.9 (stat) ± 0.3 (syst) GeV, and the signal strength (the ratio of the observed cross-section to
the expected SM cross-section) of the Higgs-like particle at this mass is found to be 1.3+0.5

�0.4.
A first analysis of the spin and parity of the new particle has been presented. Hypothesis tests

32

6 Measurement of the Spin and Parity

For X ! ZZ(⇤) ! 4` decays, the observables sensitive to the underlying spin and parity of X are the
masses of the two Z bosons, a production angle, ✓⇤, and four decay angles, �1, �, ✓1 and ✓2. The
production and decay angles are illustrated in Figure 5 and are defined as:

� ✓1 (✓2) is the angle between the negative final state lepton and the direction of flight of Z1 (Z2) in
the Z rest frame.

� � is the angle between the decay planes of the four final state leptons expressed in the four lepton
rest frame.

� �1 is the angle defined between the decay plane of the leading lepton pair and a plane defined by
the vector of the Z1 in the four lepton rest frame and the positive direction of the parton axis.

� ✓⇤ is the production angle of the Z1 defined in the four lepton rest frame.

Figure 5: Definition of the production and decay angles in an X ! ZZ(⇤) ! 4` decay. The illustration
is drawn with the beam axis in the lab frame, the Z1 and Z2 in the X rest frame and the leptons in their
corresponding parent rest frame (see text for further description).

In the case of a spin zero boson, the production cross section does not depend on the production
angle ✓⇤ nor the decay angle �1 since X has no spin axis with which one can define these angles. In this
case, di↵erent parities can be distinguished by studying the decay angles �, ✓1, ✓2. On the other hand,
all the angles are important when discriminating between the cases of non-zero integer spin. Finally, it
should be noted that in the low mass region (mH < 180 GeV) the shapes of the m12 and m34 distributions
become sensitive to spin and parity.

In this study, four hypotheses for spin/parity states are tested, namely JP 0+, 0� ,2+, 2�. As mentioned
in Section 1, the spin 1 hypothesis is excluded by the observation of X ! ��, and is not considered for
this note. The spin 2 states correspond to a graviton-like tensor with minimal couplings (2+m), equivalent
to a Kaluza Klein graviton, and a pseudo-tensor (2�), both minimally suppressed by the energy scale.
This study follows the notation discussed in Refs. [66] and [76], with couplings g1 (in production and
decay) and g5 (in decay) set to 1 for 2+m and couplings g1 (in production), and g8 and g9 (in decay) set
to 1 for 2�, and only gluon fusion production is considered. The pseudo-tensor (2�) model [66] used

14

8.3 Spin and parity measurement results

Figure 18 shows the distributions of some of the spin and parity sensitive observables for events passing
the full selection in the signal mass window 115 GeV  m4`  130 GeV. The distributions for the
MC expectations for the 0+ versus 0� signal states and the irreducible ZZ(⇤) background as well as the
reducible background estimated from data are superimposed.
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Figure 18: Distributions of some of the spin and parity sensitive observables for events passing the full
selection in the signal mass window 115 GeV  m4`  130 GeV for the combined

p
s = 8 TeV andp

s = 7 TeV data sets. The expected contributions from the Higgs signal, irreducible ZZ(⇤) background
as well as the measured contribution from reducible non-ZZ(⇤) backgrounds are shown. (a)�1, (b) cos ✓1,
(c) m34.

For the spin and parity analysis, there are three ways sources of systematics can a↵ect the measure-
ment:

� variations of the shape of the discriminants and thus their sensitivity,

� variations of the normalization of the high and low S/B mass bins,

� overall variations of the background yields.

The systematic uncertainties for the background yields are discussed in Sections 4 and 5. The re-
weighting of the Higgs pT spectrum to bring the JHU generation in agreement with that of Powheg
has been evaluated and found to have a negligible e↵ect on the discriminant shape. However, for the nor-
malization of the high S/B mass bin, an uncertainty of +1.2%

�0.8% has been estimated for the pT re-weighting.
For the BDT, the impact of the training statistics available was found to be negligible. The MC scale
factors for the lepton reconstruction and identification are discussed in Section 7.1. The correspond-
ing systematic uncertainties are included in both the discriminant shape and mass bin normalization. A
conservative 10% bin variation systematic uncertainty due to the electron energy scale and resolution is
applied independently to each channel, allowing event migration between the high and low S/B mass
bins. Finally, another 10% bin migration has been allocated for a possible variation of the assumed
125 GeV mass. We note that a variation of the assumed 125 GeV mass by ±2 GeV , corresponding to a
bin migration e↵ect of about ⇠25%, has a negligible e↵ect on the results.

Distributions for the BDT and JP-MELA discriminants are presented in Fig. 19 comparing the JP

0+ hypothesis with the 0�, 2+m and 2� hypotheses. The discrimination between the di↵erent hypotheses
has been studied using MC pseudo-experiments. Figure 20 shows the distributions of the log likelihood
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Higgs の spin-parity : ZZ30

[ p0-value ] 
   0-     0.28% 
   0+    76% 

 (0.7σ deviation)

もし Higgsの Spin-Parity 
が 0+ / 0-  の時、 

緑色のところにくる確率は

0+0-

統計マジック !?



各 Higgs Productionプロセスにわけて...31

21.7pb x 21fb-1 ~ 450k



9 

Raw ΣET~2 TeV 
14 jets with ET>40 GeV 
Estimated  PU~50 

2012年の 0.7x1034cm-2s-1 の実現方法32

1011 

protons
1011 

protons

design value 
1x1034cm-2s-1

0.7x1034cm-2s-1 

in 2012

0.4x1034cm-2s-1 

in 2011

25ns・40MHz 
バンチ間隔

50ns・20MHz 
バンチ間隔

１交差あたりの 平均 非弾性衝突数 <μ>

•bunchあたりの陽子数 1.15x1011→1.6x1011：x 1.42 

•(norm.) emittance　　　 : 3.75→2.5[μm]  : x 1.4

１交差あたりの 
Lumi. 上昇

1.43 x 0.57(ε) x 0.5(f) x 0.92(β*) ~ 0.72

injector 
よい性能

現在の運転モード

デザイン





「歴史」@ CERN

2002 2003

2005 
1st

2007 
72th
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モックアップから完成品まで 
そのすべてに 指紋と思考の跡が刻みこまれています

point of no-return



• "the"basic"structure"is"like"MWPC"
with"graphite"cathode"

• "the"signal"is"read"from"both"anode"
wire"(η)"and"cathode"strip"(φ)"

• "the"wire"spacing"is"1.8"mm"

""the"gap"between"a"/"c"is"1.4"mm"

• "The"diameter"of"tungsten"wire"is""
50"micron"

• "the"gas"is"CO2"and"nGPentane"��������������
("55":"45")"

TGC : Thin-Gap-Chamber



LVL1 μ-トリガースキーム36

IP - HIT位置を結んだ直線からのズレ 

(dη , dφ) 
different color <-> different PT 

1,080 Look-Up-Table

L1_MU6



μ-トリガー  ->  WW37

mu20 ( or 2mu10 )
W/Z (+jets) , WW , WZ , ZZ , Wγ , Ζγ

もし “anomalous coupling” あれば、g , κ , λ の値が 1, 1, 0 ではなくなり、 
観測σWWがσSMと異なる。

1(SM) 1(SM)

0 (SM)

ΔκZ

λΖ

10-2までしかいかない。W -> WZ (lν,ll) の 
方が sensitivity良い    (10-3くらい行きたい)

2Lepton Opposite-Sign + MET 
Higgs -> WW と同じトポロジー 

よく研究しておく
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休 休

休
2022

phase-0

phase-1 phase-2

休

13~14TeV 
1e34 

~100fb-1

14TeV 
2~3e34 

~300fb-1

14TeV 
~5e34 

~3,000fb-1 

(by ~2030)

L1_TGC : Sector-Logic改造（田代プロジェクト）

LHC : 2010 -> 2021

•μ検出器交換 
•μトリガー
upgrade

7TeV 8TeV
new 

particle


