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陽⼦-陽⼦衝突における光⼦-光⼦散乱
光⼦と結合するO(100-1000) GeVの新粒⼦をLHC-ATLAS実験で探索
• Vector-like fermion
• Axion-like particle
• KKグラビトン
• Strongly-interacting heavy dilaton

光⼦-光⼦散乱に特化した解析で探索できれば
• 新粒⼦発⾒時に信号の種類を特定しやすい
• 通常の⼆光⼦共鳴探索と結果を統合できる
• 同じEFTラグランジアンで統⼀的に結果を解釈できる
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× ○
ATLAS実験YouTube動画
https://youtu.be/zsVrMeiqsAM

① ②

③ ④

ビーム陽⼦周辺の電場
= 光⼦の集まり

陽⼦が
すれ違うときに

光⼦同⼠が散乱 ⼆光⼦終状態

• 終状態⼆光⼦がback-to-back (⽅位⾓)
• QCD相互作⽤が起こらず

余計な粒⼦が出てこない
• 陽⼦は壊れずに残る

https://youtu.be/zsVrMeiqsAM


本研究の⽬的
• 前⽅陽⼦検出器を利⽤した⼆光⼦共鳴探索

2017年の14.6 fb-1のデータを使⽤ / ⼆光⼦トリガー: 𝐸!
"# ≥ 35 GeV, 𝐸!

"$ ≥ 25 GeV

• 光⼦-光⼦散乱に寄与する質量150-1600 GeVの新粒⼦
Axion-like particle (ALP)にフォーカス
• 強いCP問題を解決するために導⼊されたアクシオンの拡張
• パラメータ: 質量𝒎𝒂と(光⼦との)結合定数𝒇&𝟏
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4.3.7.2 High pile-up environment To study the effect of pile-up interactions on the AFP proton
reconstruction quality, simulated events with µ=0, 1, 5, and 15 are considered. A robust set of
SiT+ToF cuts is chosen to account for the reconstruction of additional diffractive protons arriving
from the pile-up interactions. Fig. 32 presents the track reconstruction efficiency for single-arm SiT
detectors (in AFP 204 and 212 stations) as a function of proton relative energy loss. The tracking
efficiency reaches 95% in 0.02 < ⇠p < 0.1 for low pile-up contamination and 90% for µ=15.

The full proton reconstruction efficiency for single-arm detectors (including ToF information from
the timing detector) can be also defined. The average efficiency of the proton track plus time recon-
struction is found to be ⇡ 85% for µ=0, 1 and 76% for µ=15. These values demonstrate the excellent
performance expected with the AFP detectors even in a high pile-up environment.
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Figure 32. Proton track reconstruction efficiency for single-arm SiT detectors for different pile-up scenarios
as a function of relative proton energy loss ⇠. Only tracks with segments matched between the near (AFP
204) and far (AFP 212) stations are included.

4.4 The AFP Beam Interface

The AFP beam interface of choice is the Roman pot (RP). The RP beam interface has been adopted
by the ALFA and TOTEM collaborations and has shown to work reliably at the LHC. At the higher
luminosities of the last LHC run period, the original rectangular pot shapes used to house the ALFA
and TOTEM detector planes presented a significant impedance to the circulating bunches, and beam
losses and heating of the pot material limited the insertion of the pots. Both ALFA and TOTEM have
modified the electrical shape of the pot into a cylinder closely fitting inside the pot bellows by using
filler shapes, thereby eliminating the resonant cavities that are at the origin of the losses and heating.

Thus, the present TOTEM horizontal pot design is cylindrical, leaving only a 2.5 mm clearance
gap between the outer bellows cylinder and the pot itself. The remaining energy radiated into the
gap is absorbed by ferrite elements at the end of the gap, and the generated heat is dissipated into
the main Roman pot support structures. TOTEM’s cylindrical pot design [66] is copied for the AFP
pot with the small modifications discussed below.

The AFP Roman pot station contains the pot and the mechanics allowing it to enter the beam
pipe aperture. The cylindrical pot’s orientation and its motion are horizontal, transverse to the beam
direction. Again, TOTEM’s horizontal station is perfectly suited for AFP, and therefore the TOTEM
Roman pot station design [66] is adopted.
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4.3.7.2 High pile-up environment To study the effect of pile-up interactions on the AFP proton
reconstruction quality, simulated events with µ=0, 1, 5, and 15 are considered. A robust set of
SiT+ToF cuts is chosen to account for the reconstruction of additional diffractive protons arriving
from the pile-up interactions. Fig. 32 presents the track reconstruction efficiency for single-arm SiT
detectors (in AFP 204 and 212 stations) as a function of proton relative energy loss. The tracking
efficiency reaches 95% in 0.02 < ⇠p < 0.1 for low pile-up contamination and 90% for µ=15.

The full proton reconstruction efficiency for single-arm detectors (including ToF information from
the timing detector) can be also defined. The average efficiency of the proton track plus time recon-
struction is found to be ⇡ 85% for µ=0, 1 and 76% for µ=15. These values demonstrate the excellent
performance expected with the AFP detectors even in a high pile-up environment.
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Figure 32. Proton track reconstruction efficiency for single-arm SiT detectors for different pile-up scenarios
as a function of relative proton energy loss ⇠. Only tracks with segments matched between the near (AFP
204) and far (AFP 212) stations are included.

4.4 The AFP Beam Interface

The AFP beam interface of choice is the Roman pot (RP). The RP beam interface has been adopted
by the ALFA and TOTEM collaborations and has shown to work reliably at the LHC. At the higher
luminosities of the last LHC run period, the original rectangular pot shapes used to house the ALFA
and TOTEM detector planes presented a significant impedance to the circulating bunches, and beam
losses and heating of the pot material limited the insertion of the pots. Both ALFA and TOTEM have
modified the electrical shape of the pot into a cylinder closely fitting inside the pot bellows by using
filler shapes, thereby eliminating the resonant cavities that are at the origin of the losses and heating.

Thus, the present TOTEM horizontal pot design is cylindrical, leaving only a 2.5 mm clearance
gap between the outer bellows cylinder and the pot itself. The remaining energy radiated into the
gap is absorbed by ferrite elements at the end of the gap, and the generated heat is dissipated into
the main Roman pot support structures. TOTEM’s cylindrical pot design [66] is copied for the AFP
pot with the small modifications discussed below.

The AFP Roman pot station contains the pot and the mechanics allowing it to enter the beam
pipe aperture. The cylindrical pot’s orientation and its motion are horizontal, transverse to the beam
direction. Again, TOTEM’s horizontal station is perfectly suited for AFP, and therefore the TOTEM
Roman pot station design [66] is adopted.
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4.3.7.2 High pile-up environment To study the effect of pile-up interactions on the AFP proton
reconstruction quality, simulated events with µ=0, 1, 5, and 15 are considered. A robust set of
SiT+ToF cuts is chosen to account for the reconstruction of additional diffractive protons arriving
from the pile-up interactions. Fig. 32 presents the track reconstruction efficiency for single-arm SiT
detectors (in AFP 204 and 212 stations) as a function of proton relative energy loss. The tracking
efficiency reaches 95% in 0.02 < ⇠p < 0.1 for low pile-up contamination and 90% for µ=15.

The full proton reconstruction efficiency for single-arm detectors (including ToF information from
the timing detector) can be also defined. The average efficiency of the proton track plus time recon-
struction is found to be ⇡ 85% for µ=0, 1 and 76% for µ=15. These values demonstrate the excellent
performance expected with the AFP detectors even in a high pile-up environment.
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Figure 32. Proton track reconstruction efficiency for single-arm SiT detectors for different pile-up scenarios
as a function of relative proton energy loss ⇠. Only tracks with segments matched between the near (AFP
204) and far (AFP 212) stations are included.

4.4 The AFP Beam Interface

The AFP beam interface of choice is the Roman pot (RP). The RP beam interface has been adopted
by the ALFA and TOTEM collaborations and has shown to work reliably at the LHC. At the higher
luminosities of the last LHC run period, the original rectangular pot shapes used to house the ALFA
and TOTEM detector planes presented a significant impedance to the circulating bunches, and beam
losses and heating of the pot material limited the insertion of the pots. Both ALFA and TOTEM have
modified the electrical shape of the pot into a cylinder closely fitting inside the pot bellows by using
filler shapes, thereby eliminating the resonant cavities that are at the origin of the losses and heating.

Thus, the present TOTEM horizontal pot design is cylindrical, leaving only a 2.5 mm clearance
gap between the outer bellows cylinder and the pot itself. The remaining energy radiated into the
gap is absorbed by ferrite elements at the end of the gap, and the generated heat is dissipated into
the main Roman pot support structures. TOTEM’s cylindrical pot design [66] is copied for the AFP
pot with the small modifications discussed below.

The AFP Roman pot station contains the pot and the mechanics allowing it to enter the beam
pipe aperture. The cylindrical pot’s orientation and its motion are horizontal, transverse to the beam
direction. Again, TOTEM’s horizontal station is perfectly suited for AFP, and therefore the TOTEM
Roman pot station design [66] is adopted.

Chapter 4: The AFP Detector 47

陽⼦エネルギー損失率𝜉

トラッキング効率の𝜉依存性

⾼効率

ATLAS-TDR-024

𝜇: 平均相互作⽤数



本研究の⽬的
• 前⽅陽⼦検出器を利⽤した⼆光⼦共鳴探索

2017年の14.6 fb-1のデータを使⽤ / ⼆光⼦トリガー: 𝐸!
"# ≥ 35 GeV, 𝐸!

"$ ≥ 25 GeV

• 光⼦-光⼦散乱に寄与する質量150-1600 GeVの新粒⼦
Axion-like particle (ALP)にフォーカス

8pA431-1

陽⼦

陽⼦前⽅陽⼦検出器
~+200 m双極磁⽯

双極磁⽯

前⽅陽⼦検出器

~-200 m

~+70 m

~-70 m

ATLAS検出器

陽⼦エネルギー損失率
𝝃𝐩𝐫𝐨𝐭𝐨𝐧0

: = 1 −
𝐸123435
6.5 TeV

Aサイド

Cサイド

9

陽⼦エネルギー損失率
𝝃𝐩𝐫𝐨𝐭𝐨𝐧&

6.5 TeV

6.5 TeV

ATLAS
Forward Proton Phase-I Upgrade

Technical Design Report
May 20, 2015

4.3.7.2 High pile-up environment To study the effect of pile-up interactions on the AFP proton
reconstruction quality, simulated events with µ=0, 1, 5, and 15 are considered. A robust set of
SiT+ToF cuts is chosen to account for the reconstruction of additional diffractive protons arriving
from the pile-up interactions. Fig. 32 presents the track reconstruction efficiency for single-arm SiT
detectors (in AFP 204 and 212 stations) as a function of proton relative energy loss. The tracking
efficiency reaches 95% in 0.02 < ⇠p < 0.1 for low pile-up contamination and 90% for µ=15.

The full proton reconstruction efficiency for single-arm detectors (including ToF information from
the timing detector) can be also defined. The average efficiency of the proton track plus time recon-
struction is found to be ⇡ 85% for µ=0, 1 and 76% for µ=15. These values demonstrate the excellent
performance expected with the AFP detectors even in a high pile-up environment.
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Figure 32. Proton track reconstruction efficiency for single-arm SiT detectors for different pile-up scenarios
as a function of relative proton energy loss ⇠. Only tracks with segments matched between the near (AFP
204) and far (AFP 212) stations are included.

4.4 The AFP Beam Interface

The AFP beam interface of choice is the Roman pot (RP). The RP beam interface has been adopted
by the ALFA and TOTEM collaborations and has shown to work reliably at the LHC. At the higher
luminosities of the last LHC run period, the original rectangular pot shapes used to house the ALFA
and TOTEM detector planes presented a significant impedance to the circulating bunches, and beam
losses and heating of the pot material limited the insertion of the pots. Both ALFA and TOTEM have
modified the electrical shape of the pot into a cylinder closely fitting inside the pot bellows by using
filler shapes, thereby eliminating the resonant cavities that are at the origin of the losses and heating.

Thus, the present TOTEM horizontal pot design is cylindrical, leaving only a 2.5 mm clearance
gap between the outer bellows cylinder and the pot itself. The remaining energy radiated into the
gap is absorbed by ferrite elements at the end of the gap, and the generated heat is dissipated into
the main Roman pot support structures. TOTEM’s cylindrical pot design [66] is copied for the AFP
pot with the small modifications discussed below.

The AFP Roman pot station contains the pot and the mechanics allowing it to enter the beam
pipe aperture. The cylindrical pot’s orientation and its motion are horizontal, transverse to the beam
direction. Again, TOTEM’s horizontal station is perfectly suited for AFP, and therefore the TOTEM
Roman pot station design [66] is adopted.
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4.3.7.2 High pile-up environment To study the effect of pile-up interactions on the AFP proton
reconstruction quality, simulated events with µ=0, 1, 5, and 15 are considered. A robust set of
SiT+ToF cuts is chosen to account for the reconstruction of additional diffractive protons arriving
from the pile-up interactions. Fig. 32 presents the track reconstruction efficiency for single-arm SiT
detectors (in AFP 204 and 212 stations) as a function of proton relative energy loss. The tracking
efficiency reaches 95% in 0.02 < ⇠p < 0.1 for low pile-up contamination and 90% for µ=15.

The full proton reconstruction efficiency for single-arm detectors (including ToF information from
the timing detector) can be also defined. The average efficiency of the proton track plus time recon-
struction is found to be ⇡ 85% for µ=0, 1 and 76% for µ=15. These values demonstrate the excellent
performance expected with the AFP detectors even in a high pile-up environment.
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Figure 32. Proton track reconstruction efficiency for single-arm SiT detectors for different pile-up scenarios
as a function of relative proton energy loss ⇠. Only tracks with segments matched between the near (AFP
204) and far (AFP 212) stations are included.

4.4 The AFP Beam Interface

The AFP beam interface of choice is the Roman pot (RP). The RP beam interface has been adopted
by the ALFA and TOTEM collaborations and has shown to work reliably at the LHC. At the higher
luminosities of the last LHC run period, the original rectangular pot shapes used to house the ALFA
and TOTEM detector planes presented a significant impedance to the circulating bunches, and beam
losses and heating of the pot material limited the insertion of the pots. Both ALFA and TOTEM have
modified the electrical shape of the pot into a cylinder closely fitting inside the pot bellows by using
filler shapes, thereby eliminating the resonant cavities that are at the origin of the losses and heating.

Thus, the present TOTEM horizontal pot design is cylindrical, leaving only a 2.5 mm clearance
gap between the outer bellows cylinder and the pot itself. The remaining energy radiated into the
gap is absorbed by ferrite elements at the end of the gap, and the generated heat is dissipated into
the main Roman pot support structures. TOTEM’s cylindrical pot design [66] is copied for the AFP
pot with the small modifications discussed below.

The AFP Roman pot station contains the pot and the mechanics allowing it to enter the beam
pipe aperture. The cylindrical pot’s orientation and its motion are horizontal, transverse to the beam
direction. Again, TOTEM’s horizontal station is perfectly suited for AFP, and therefore the TOTEM
Roman pot station design [66] is adopted.
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陽⼦エネルギー損失率𝜉

トラッキング効率の𝜉依存性

⾼効率

ATLAS-TDR-024

𝜇: 平均相互作⽤数



本研究の⽬的
• 前⽅陽⼦検出器を利⽤した⼆光⼦共鳴探索

2017年の14.6 fb-1のデータを使⽤ / ⼆光⼦トリガー: 𝐸!
"# ≥ 35 GeV, 𝐸!

"$ ≥ 25 GeV

• 光⼦-光⼦散乱に寄与する質量150-1600 GeVの新粒⼦
Axion-like particle (ALP)にフォーカス

8pA431-1
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⼆光⼦系からも陽⼦の
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⼆光⼦-陽⼦間の
整合性を要求(マッチング)

背景事象を削減
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6.5 TeV
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Signal m
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BG modeling
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Strategy Selection
oDerivation: HIGG1D1
oTrigger: .*+, ≥ 35 GeV, .*+( ≥ 25 GeV
1. Preselection

• ≥2 photons with !* ≥ 40 GeV (tight ID, isolation)
• Select unique reconstructed proton having 8-./±

closest 8++± to for each side
2. Acoplanarity cut

• 91++ = 1 − 21$$
3 < 0.01 (Diphoton is back-to-back)

3. AFP acceptance cut
• 8++± ∈ [0.031/1.1, 0.084/0.9)
• 8-./± ∈ [0.035, 0.08)

4. Diphoton-proton matching for each side
• Δ4558± = 8-./± − 8++± − 0.18++ < 0.004

5

Require events to have either or both sides matching: “OR matching”
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事象選択
1. Back-to-backな⼆光⼦を選ぶ

• 𝑝& ≥ 40 GeVの(isolated)
光⼦が2つある事象のみ
• アコプラナリティカット
𝐴'
(( = 1 − )'!!

*
< 0.01
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選択領域

信号事象

背景事象



事象選択
1. Back-to-backな⼆光⼦を選ぶ
2. 前⽅陽⼦の再構成効率が⾼い領域に注⽬

• 𝜉((± ∈ [0.028, 0.093)
• 𝜉,-.

± ∈ [0.035, 0.08)
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+

1. Back-to-backな⼆光⼦を選ぶ
2. 前⽅陽⼦の再構成効率が⾼い領域に注⽬
3. 2通りの⽅法で測定した陽⼦エネルギー損失率の整合性を要求

• 陽⼦を各サイドで1つずつ選ぶ
• 𝜉/01213

± と𝜉((± のマッチングによる背景事象削減
Δ455𝜉± = 𝜉/01213

± − 𝜉((± − 0.1𝜉(( < 0.004

事象選択8pA431-1 14

選択領域

信号事象

背景事象



解析戦略
1. Back-to-backな⼆光⼦を選ぶ
2. 前⽅陽⼦の再構成効率が⾼い領域に注⽬
3. 2通りの⽅法で測定した陽⼦エネルギー損失率の整合性を要求

各サイドで要求

両サイド(±)のうちどちらか⼀⽅でも条件を満たせば事象選択
(≥1 proton tagging)

最終的に⼆光⼦質量分布を関数でフィットして
信号事象数を測定

8pA431-1 15

⼆光⼦不変質量 𝑚"" [GeV]

信号分布関数

背景事象分布関数
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信号分布のモデリング
Double-sided crystal ball関数で信号分布をパラメトライズ
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任意のALP質量に対してその質量に
特化した信号モデルを作る

𝑚&'( = 400 GeV 𝑚&'( = 500 GeV

𝑚&'( = 600 GeV

各パラメータの質量依存性を
パラメトライズして内挿

Δ𝑚(𝑚89:) 𝜎;<(𝑚89:)

𝛼=(𝑚89:) 𝛼>(𝑚89:)

𝑛>(𝑚89:)𝑛=(𝑚89:)⼆光⼦不変質量 𝑚"" [GeV]

𝐹(𝑚""; 𝜇;<, 𝜎;<, 𝛼=,>, 𝑛=,>)

各質量の信号MCサンプルをフィット
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信号分布のモデリング
Double-sided crystal ball関数で信号分布をパラメトライズ
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任意のALP質量に対してその質量に
特化した信号モデルを作る

𝑚&'( = 400 GeV 𝑚&'( = 500 GeV

𝑚&'( = 600 GeV

Δ𝑚(𝑚89:) 𝜎;<(𝑚89:)

𝛼=(𝑚89:) 𝛼>(𝑚89:)

𝑛>(𝑚89:)𝑛=(𝑚89:)⼆光⼦不変質量 𝑚"" [GeV]

𝐹(𝑚""; 𝜇;<, 𝜎;<, 𝛼=,>, 𝑛=,>)

ALP質量の関数として信号モデリングしたので
任意の質量のALPを⾼感度で探索できる

各パラメータの質量依存性を
パラメトライズして内挿

⼆光⼦不変質量 𝑚"" [GeV]

Data-driven background



各質量の信号MCサンプルをフィット
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信号分布のモデリング
Double-sided crystal ball関数で信号分布をパラメトライズ
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任意のALP質量に対してその質量に
特化した信号モデルを作る

𝑚&'( = 400 GeV 𝑚&'( = 500 GeV

𝑚&'( = 600 GeV

⼆光⼦不変質量 𝑚"" [GeV]

𝐹(𝑚""; 𝜇;<, 𝜎;<, 𝛼=,>, 𝑛=,>)

ALP質量の関数として信号モデリングしたので
任意の質量のALPを⾼感度で探索できる

信号+背景事象(BG)分布関数を
フィットするため(s+bフィット)
信号モデルも背景事象モデルも
パラメータは最後に決まる
(各ALP質量に対して)

しかし予めBG関数の
• 妥当性
• 不定性
• パラメータの初期値
は確認・決定しておく必要がある

⼆光⼦不変質量 𝑚"" [GeV]

Data-driven background



背景事象モデルの評価⽅針8pA431-1

⼆光⼦と陽⼦に相関がない事象(組合せ背景事象)が⽀配的

𝛾

𝑝

前⽅陽⼦検出器

ビーム軸

背景事象由来の⼆光⼦⽣成と
パイルアップ陽⼦(別のバーテックス由来の陽⼦)

前⽅陽⼦検出器

𝛾

例

偶然
マッチング

• ⼆光⼦として観測されるプロセス(フェイク含む)は様々
• 検出器の実機応答を含んだ⽅が良い
→データドリブンな評価が望ましい
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イベント毎に光⼦と陽⼦の測定値が記録されたデータ
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イベント毎に光⼦と陽⼦の測定値が記録されたデータ

陽⼦の再割り当てにより⼆光⼦-陽⼦間に相関がない状態を再現
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イベント毎に光⼦と陽⼦の測定値が記録されたデータ

可能な割り当て⽅を全て使ってサイズを拡⼤
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マッチング前と
ほぼ同じ滑らかさ

事象選択

5750イベント

⼆光⼦不変質量 𝑚"" [GeV]

Data-driven background
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イベント毎に光⼦と陽⼦の測定値が記録されたデータ

事象選択

5750イベント

⼆光⼦不変質量 𝑚"" [GeV]
これを使って、BG関数の
• パラメータの初期値を決定
• 妥当性を評価
• 不定性を評価

𝑓 𝑥; 𝑎, 𝛼@ = 1 − 𝑥 A# B
)
G 𝑥C!

Data-driven background

で妥当なフィットができる

BG関数

可能な割り当て⽅を全て使ってサイズを拡⼤
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イベント毎に光⼦と陽⼦の測定値が記録されたデータ
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事象選択

5750イベント

⼆光⼦不変質量 𝑚"" [GeV]
これを使って、BG関数の
• パラメータの初期値を決定
• 妥当性を評価
• 不定性を評価

Data-driven background

可能な割り当て⽅を全て使ってサイズを拡⼤
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背景事象モデリングの系統誤差8pA431-1 25

データドリブンBG分布

⼆光⼦不変質量 𝑚"" [GeV]

系統誤差を統計誤差と区別するために
Functional Decompositionでスムージング

arXiv:1805.04536
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Data-driven background
FD smoothing

200 400 600 800 1000 1200 1400 1600
 [GeV]
γγ

Diphoton mass m
0

1

2

R
at

io

⼆光⼦不変質量 𝑚"" [GeV]



1−10

1

10

210

310

Ev
en

ts
 / 

29
.4

 [G
eV

]

ATLAS Work in progress
-1 = 13 TeV, 14.6 fbs

Data-driven background
FD smoothing

200 400 600 800 1000 1200 1400 1600
 [GeV]
γγ

Diphoton mass m
0

1

2

R
at

io

⼆光⼦不変質量 𝑚"" [GeV]
200 400 600 800 1000 1200 1400 1600

 [GeV]Xm

4−10

3−10

2−10

1−10

1

10

|
SS

|N  Work in progressATLAS
-1 = 13 TeV, 14.6 fbs
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仮説のALP質量 𝑚D [GeV]

仮定するALP質量を変えながらs+bフィット
して信号数 (spurious signal)を測定

BGモデリングによる信号数の系統誤差

スムーズなBG分布に従う
⾼統計の擬データを作成
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仮説のALP質量 𝑚D [GeV]

仮定するALP質量を変えながらs+bフィット
して信号数 (spurious signal)を測定

BGモデリングによる信号数の系統誤差

スムーズなBG分布に従う
⾼統計の擬データを作成

⼆光⼦不変質量 𝑚"" [GeV]

イメージ
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仮説のALP質量 𝑚D [GeV]

仮定するALP質量を変えながらs+bフィット
して信号数 (spurious signal)を測定

BGモデリングによる信号数の系統誤差

スムーズなBG分布に従う
⾼統計の擬データを作成

⼆光⼦不変質量 𝑚"" [GeV]

イメージ

この形をBG関数はどれだけ
正確に表現できるか？
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仮説のALP質量 𝑚D [GeV]

仮定するALP質量を変えながらs+bフィット
して信号数 (spurious signal)を測定

スムーズなBG分布に従う
⾼統計の擬データを作成
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Data-driven background
FD smoothing
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⼆光⼦不変質量 𝑚"" [GeV]

真のBG分布との差を評価して
スムージングのバイアスを考慮

BGモデリングによる信号数の系統誤差



信号強度の誤差
データと同じサイズのBGサンプルを使って
信号強度𝜇に対する各系統誤差の影響をテスト
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⼆光⼦不変質量 𝑚"" [GeV]

イベントが局所的に
多い部分でs+bフィット
(仮説のALP質量 = 550 GeV)

各系統誤差に対応するフィットパラメータを
±1𝜎ずらして固定してフィットし直す

𝜇 =
観測信号数

𝑓%) = 0.05に対応する信号数



信号強度の誤差
データと同じサイズのBGサンプルを使って
信号強度𝜇に対する各系統誤差の影響をテスト
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𝜇 =
観測信号数

𝑓%) = 0.05 TeV%)に対応する信号数

1位 前⽅陽⼦検出器のアライメントの
不定性に起因する信号検出効率の誤差

2位 s+bフィット操作の誤差
3位 BGモデリングの誤差
4位 信号効率モデリングの誤差
5位 信号シミュレーションの理論誤差

全系統誤差 = 0.09
⼀⽅、統計誤差 = 0.36

統計誤差が⽀配的

主要な誤差(ランキング)
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感度評価と棄却域推定
擬データを⽣成しs+bフィットして評価
• 感度評価 (𝑓&# = 0.05 TeV&#の場合)

検定統計量:

• 棄却域推定
検定統計量:

7分の1のデータ量にも関わらず<600 GeV と
>1200 GeV ではCMSよりも棄却できる
• 事象選択条件の違い
• 信号モデリング⼿法
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ALP質量 𝑚* [GeV]

ALP質量 𝑚* [GeV]

CMS-PAS-EXO-21-007
102.7 fb-1

Expected (observedとほぼ⼀致)
A-side AND C-side

https://inspirehep.net/literature/2095809


まとめと展望
まとめ
• LHC-ATLAS実験におけるRun2データ(14.6 fb-1)
• ⼆光⼦系と前⽅陽⼦の⼒学的変数の整合性を要求して⼆光⼦共鳴探索
• データのみを使って精度の良いBGモデリングを実現
• 統計誤差が⽀配的
• 感度評価と棄却域推定 → 独⾃の解析⼿法による結果

展望
• Unblindして結果を考察した後にリリース
• Run3データと新しい前⽅陽⼦検出器で結果を更新
• 前⽅陽⼦検出器を使った別の探索にも応⽤
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(ALP)


