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Introduction
Investigate the upgrade performance and HGTD potential.

Upgrade detector

◦ Inner Tracker(ITk): Replace the present Inner Detector with a 
full-silicon tracker. Cover a larger 𝜂 range 𝜂 < 4.0. Usage of 
tracks to mitigate PU jets up to 𝜂 < 4.0. 

Run2: ID provides track measurement in 𝜂 < 2.5. Usage of 
tracks to mitigate PU jets up to 𝜂 < 2.5. 

◦ High Granularity Timing Detector: A new timing detector in 
forward region 𝜂 ∈ [2.4, 4.0]

An additional timing information will be provided, to separate 
tracks from same position but different proton collision, for PU 
suppression. 
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Introduction
For physics performance: use VBF 𝐻 → 𝛾𝛾 channel. 

◦ MC sample for VBF 𝐻 → 𝛾𝛾 analysis: 

Signal: VBF Higgs, 14TeV PowhegPythia8, CT10, Higgs mass 125GeV, di-photon decay channel, 0.7M 

Resonant background: ggF Higgs, 14TeV PowhegPythia8, CT10, Higgs mass 125GeV, di-photon decay channel, 1M

Non-resonant background: 13TeV Sherpa NNPDFNNLO di-photon final state, 𝑚𝛾𝛾 ∈ 90, 175 GeV. Scale cross section 
from 13TeV to 14TeV(12%)

◦ HL-LHC simulation: 

Upgrade Performance Function package(UPF, tag 02-12-00, a smearing method on truth particle), with average pile-
up value 𝜇 = 200, pile-up rejection factor 50(fix PU efficiency to 2%).

Reconstructed photons with pT>25GeV, |eta|<2.37. Efficiency from UPF(~30% lower than Run2 due to PU)

Jets with pT>30GeV, |eta|<3.8.(4.4 in Run2). HS jets efficiency from UPF(ITK simulation parameters).

A simplified analysis to evaluate HGTD potential performance in HL-LHC.
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Background component
Based on Run2, the non-resonant background has 2 parts: 

◦ QCD 𝛾𝛾 process, which can be simulated with MC. 

◦ Fake events, with 1 or 2 photon is from fake jet (called 𝛾𝑗 and 𝑗𝑗 event). In Run2 this part is estimated 
from data-driven method(Purity 2x2DSB).

Background Estimate in HL-LHC
◦ No HL-LHC data for data driven, but we suppose fake rate for jet to photon is similar, so the relative 

fraction for these 2 part is also similar with Run2. 

◦ Ignore the shape, only scale the QCD 𝛾𝛾 events with its fraction, to the total event number. 
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VBF HjjLow loose 82.4% 16.3% 1.3%

VBF HjjLow tight 82.4% 16.2% 1.4%

VBF HjjHigh loose 80.9% 16.4% 2.7%

VBF HjjHigh tight 84.7% 13.5% 1.8%

Take average number and mix 
𝛾𝑗&𝑗𝑗 part. 
Used here: 
• 𝛾𝛾: 82.5%
• 𝛾𝑗 + 𝑗𝑗: 17.5%

(Ref: 36ifb Run2 supporting note)

https://cds.cern.ch/record/2238687


Analysis strategy
VBF Pre-selection:

Number of photon ≥ 2

Number of jet ≥ 2
𝑝𝑇𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑝ℎ𝑜𝑡𝑜𝑛

𝑚𝛾𝛾
≥ 0.35

𝑝𝑇𝑠𝑢𝑏−𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑝ℎ𝑜𝑡𝑜𝑛

𝑚𝛾𝛾
≥ 0.25

105𝐺𝑒𝑉 < 𝑚𝛾𝛾 < 160𝐺𝑒𝑉

∆𝜂𝑗𝑗> 2

𝜂𝛾𝛾
𝑍𝑒𝑝𝑝

< 5

Scenarios: 
• ITK: default one(Smearing & eff from UPF.)
• rmfwdPU: remove forward PU jets(𝜂 ∈

[2.5, 3.8]), an ideal condition.
• PU50: remove 50% of forward PU jets, a naïve 

HGTD estimation. 

Hope to see how much the PU influence analysis.
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Cut flow

ITK, 𝜎 = 4.62 ± 0.03

(4.63 for s/ 𝑏)

Cut flow and event number for signal and background in 3 scenarios. 
Background event number is scaled to 14TeV cross section×(1/𝛾𝛾 fraction).
The 𝜎 is calculated with VBF, ggH and background event number in mass window [120, 130]GeV by 

𝜎𝑉𝐵𝐹 = 2 × ( 𝑁𝑉𝐵𝐹 + 𝑁𝑔𝑔𝐹 + 𝑁𝑏𝑘𝑔 × ln 1 +
𝑁𝑉𝐵𝐹

𝑁𝑔𝑔𝐹+𝑁𝑏𝑘𝑔
− 𝑁𝑉𝐵𝐹) . Compared with ITK, remove forward PU and PU50
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rmfwdPU, 𝜎 = 4.77 ± 0.03

(4.78 for s/ 𝑏)

cut flow ggH VBF background

2 photons 23.082% 26.877% 19.277%

Rel.pT 93.240% 89.157% 85.522%

Mass window 97.363% 95.403% 57.394%

2 jets 13.059% 41.212% 12.237%

Δ𝜂𝑗𝑗 > 2 40.177% 74.984% 37.631%

𝜂𝛾𝛾
𝑍𝑒𝑝𝑝

< 5 99.572% 99.921% 98.246%

Total 1.095% 7.059% 0.428%

Scale to 3 ab-1 4075.59 2056.55 903483.7

𝑚𝛾𝛾 ∈[120, 130] 3833.98 1935.33 171160.76

cut flow ggH VBF background

2 photons 23.082% 26.877% 19.275%

Rel.pT 93.240% 89.157% 85.535%

Mass window 97.363% 95.403% 57.388%

2 jets 12.424% 40.413% 11.421%

Δ𝜂𝑗𝑗 > 2 38.418% 75.279% 34.506%

𝜂𝛾𝛾
𝑍𝑒𝑝𝑝

< 5 99.750% 99.930% 98.874%

Total 0.998% 6.950% 0.369%

Scale to 3 ab-1 3714.08 2024.80 778098.6

𝑚𝛾𝛾 ∈[120, 130] 3489.97 1905.53 155338.8

cut flow ggH VBF background

2 photons 23.082% 26.877% 19.272%

Rel.pT 93.240% 89.157% 85.539%

Mass window 97.363% 95.403% 57.392%

2 jets 12.748% 40.804% 11.726%

Δ𝜂𝑗𝑗 > 2 39.278% 75.139% 35.421%

𝜂𝛾𝛾
𝑍𝑒𝑝𝑝

< 5 99.628% 99.929% 98.755%

Total 1.045% 7.004% 0.388%

Scale to 3 ab-1 3891.67 2040.57 819094

𝑚𝛾𝛾 ∈[120, 130] 3658.246 1920.014 163565.1

PU50, 𝜎 = 4.69 ± 0.03

(4.70 for s/ 𝑏)



MVA optimization
A BDT categorization method to separate Higgs signal and QCD background. (Ref: 36ifb Run2 supporting 
note)

◦ Training sample: VBF Higgs as signal, and QCD 𝛾𝛾+jets as background. 

◦ Training variables: 𝑚𝑗𝑗 , Δ𝜂𝑗𝑗 , ΔΦ𝛾𝛾,𝑗𝑗 , 𝑝𝑇𝑡, Δ𝑅𝛾,𝑗
𝑚𝑖𝑛, 𝜂𝑍𝑒𝑝𝑝. 

◦ Categorization: maximum 𝜎𝑉𝐵𝐹 = 2 × ( 𝑁𝑉𝐵𝐹 + 𝑁𝑔𝑔𝐹 + 𝑁𝑏𝑘𝑔 × ln 1 +
𝑁𝑉𝐵𝐹

𝑁𝑔𝑔𝐹+𝑁𝑏𝑘𝑔
− 𝑁𝑉𝐵𝐹) in 

mass window [120, 130]GeV to define a tight category, remove tight event and maximum 𝜎𝑉𝐵𝐹 again to 
have loose and rest categories. Specific BDT cut value is determined individually for 3 scenarios. 

◦ Re-train the BDT in 3 scenarios to get the best performance. 
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Left: VBF significance vs. 
BDT cut value. 

Right: BDT response in 3 
templates

https://cds.cern.ch/record/2238687


Event number and combined significance 
for each scenario
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Event number and significance for ITK(left), PU50(middle) and  rmfwdPU(right) scenario
S/B: signal-bkg ratio, 𝑁𝑉𝐵𝐹/(𝑁𝑔𝑔𝐻 + 𝑁𝑏𝑘𝑔)

VBF purity: 𝑁𝑉𝐵𝐹/(𝑁𝑉𝐵𝐹 + 𝑁𝑔𝑔𝐻)

tight loose Rest

VBF 482.88±6.34 555.79±6.80 896.66±8.64

ggF 214.82±8.94 561.06±14.45 3058.1±33.74

Background 1054±50 6509±125 163606±627

𝜎 in category 12.85±0.28 6.53±0.10 2.19±0.02

S/B 0.383±0.016 0.079±0.0017 0.0054±0.00006

VBF purity 69.21% 49.76% 22.67%

Combined 𝜎 14.58±0.25

Combined S/B 0.391±0.016

tight loose Rest

VBF 444.67±6.08 652.94±7.37 822.41±12.64

ggF 219.66±9.04 723.76±16.42 2714.83±31.79

Background 938.6±54.0 7984±157 163565±713

𝜎 in category 12.34±0.31 6.91±0.10 2.07±0.02

S/B 0.384±0.019 0.075±0.002 0.0052±0.00006

VBF purity 66.94% 47.43% 23.25%

Combined 𝜎 14.30±0.27

Combined S/B 0.391±0.019

tight loose Rest

VBF 432.35±6.00 640.45±7.30 832.73±8.33

ggF 174.98±8.07 627.70±15.29 2787.28±31.63

Background 772±53 7000±161 147567±740

𝜎 in category 13.14±0.37 7.23±0.11 2.15±0.02

S/B 0.456±0.027 0.084±0.002 0.0055±0.00006

VBF purity 71.19% 50.50% 23.66%

Combined 𝜎 15.15±0.33

Combined S/B 0.464±0.026

ITK PU50 rmfwdPU



Jet Component tight+loose cat. 

CH+CH

CH+CP

CP+CP

CH+FH

CH+FP

CP+FH

CP+FP

FH-FH

FH-FP

FP-FP

total

2020/2/17 9

ITK scenario rmfwdPU scenario

ggH VBF bkg

255.772 32.97% 205.103 19.74% 1830.28 24.21%

18.6151 2.40% 6.49272 0.62% 230.89 3.05%

0.372303 0.05% 0 0.00% 7.2153 0.10%

378.26 48.75% 623.468 59.99% 3638.92 48.14%

31.6458 4.08% 6.07652 0.58% 557.983 7.38%

19.3598 2.50% 8.7402 0.84% 310.258 4.10%

1.11691 0.14% 0.08324 0.01% 26.4561 0.35%

56.9624 7.34% 184.293 17.73% 603.68 7.99%

12.6583 1.63% 4.91116 0.47% 319.878 4.23%

1.11691 0.14% 0.08324 0.01% 33.6714 0.45%

775.8795 100.00% 1039.251 100.00% 7559.232 100.00%

ggH VBF bkg

338.796 35.91% 234.071 21.30% 2557.88 28.67%

29.7842 3.16% 9.1564 0.83% 369.852 4.14%

0 0.00% 0 0.00% 6.216 0.07%

451.604 47.87% 646.026 58.80% 4248.64 47.61%

19.7321 2.09% 3.66256 0.33% 326.34 3.66%

24.1997 2.57% 11.5704 1.05% 369.852 4.14%

1.48921 0.16% 0.08324 0.01% 52.836 0.59%

65.153 6.91% 191.702 17.45% 736.596 8.25%

12.286 1.30% 2.4972 0.23% 226.884 2.54%

0.372303 0.04% 0 0.00% 27.972 0.31%

943.4165 100.00% 1098.769 100.00% 8923.068 100.00%

Forward PU

Central PU

ggH VBF bkg

276.621 34.46% 212.512 19.79% 1857.5 23.90%

24.1997 3.01% 7.24188 0.67% 282.34 3.63%

0.372303 0.05% 0 0.00% 22.29 0.29%

411.767 51.30% 647.025 60.25% 4235.1 54.49%

0 0.00% 0 0.00% 0 0.00%

23.0828 2.88% 10.6547 0.99% 430.94 5.54%

0 0.00% 0 0.00% 0 0.00%

66.6422 8.30% 196.446 18.29% 943.61 12.14%

0 0.00% 0 0.00% 0 0.00%

0 0.00% 0 0.00% 0 0.00%

802.685 100.00% 1073.88 100.00% 7771.78 100.00%

PU50 scenario



𝜂𝑗1 stack distribution          tight+loose cat. 

Up: ITK 
scenario

Down: 
rmfwdPU
scenario

≥ 1𝑃𝑈: events with ≥ 1 PU jet
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𝑝𝑇𝛾𝛾stack distribution tight+loose cat. 

Up: ITK 
scenario

Down: 
rmfwdPU
scenario

𝑝𝑇𝛾𝛾 /𝐺𝑒𝑉 𝑝𝑇𝛾𝛾 /𝐺𝑒𝑉 𝑝𝑇𝛾𝛾 /𝐺𝑒𝑉

𝑝𝑇𝛾𝛾 /𝐺𝑒𝑉 𝑝𝑇𝛾𝛾 /𝐺𝑒𝑉 𝑝𝑇𝛾𝛾 /𝐺𝑒𝑉
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𝑚𝑗𝑗 stack distribution tight+loose cat. 

Up: ITK 
scenario

Down: 
rmfwdPU
scenario

𝑚𝑗𝑗/𝐺𝑒𝑉 𝑚𝑗𝑗/𝐺𝑒𝑉 𝑚𝑗𝑗/𝐺𝑒𝑉

𝑚𝑗𝑗/𝐺𝑒𝑉 𝑚𝑗𝑗/𝐺𝑒𝑉 𝑚𝑗𝑗/𝐺𝑒𝑉
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𝑝𝑇𝑗1 stack distribution tight+loose cat. 

Up: ITK 
scenario

Down: 
rmfwdPU
scenario

𝑝𝑇𝑗1/𝐺𝑒𝑉 𝑝𝑇𝑗1/𝐺𝑒𝑉 𝑝𝑇𝑗1/𝐺𝑒𝑉

𝑝𝑇𝑗1/𝐺𝑒𝑉 𝑝𝑇𝑗1/𝐺𝑒𝑉 𝑝𝑇𝑗1/𝐺𝑒𝑉
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𝑝𝑇𝑗2 stack distribution tight+loose cat. 

Up: ITK 
scenario

Down: 
rmfwdPU
scenario

𝑝𝑇𝑗2/𝐺𝑒𝑉 𝑝𝑇𝑗2/𝐺𝑒𝑉 𝑝𝑇𝑗2/𝐺𝑒𝑉

𝑝𝑇𝑗2/𝐺𝑒𝑉 𝑝𝑇𝑗2/𝐺𝑒𝑉 𝑝𝑇𝑗2/𝐺𝑒𝑉
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VBF significance

VBF S/B ratio

MVA optimization
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Scenario 𝝈𝑽𝑩𝑭 Improvement

ITK 14.58±0.25 0

PU50 14.30±0.27 -1.92%

rmfwdPU 15.15±0.33 3.91%

Scenario 𝑺/(𝑩𝟏 + 𝑩𝟐) Improvement

ITK 0.391±0.016 0

PU50 0.391±0.019 0

rmfwdPU 0.464±0.026 18.67%



Conclusion
All results are based on statistics uncertainty only. 

The improvement depends on the benchmark to show it: 
◦ In VBF significance, rmfwdPU can only provide ~4% improvement, within 1 sigma uncertainty. 

◦ In S/B ratio, rmfwdPU shows ~19% improvement. 

Gain of rmfwdPU mainly comes from the 𝜂 distribution in VBF and background sample. 
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AI from Last Higgs meeting
◦ Clearly state in conclusion that you compare only stat errors. 

>>Yes, I have noticed

◦ Implement cut Ptj1 > 45GeV.

>>We think it’s not necessary. A brief slide in backup shows the s/sqrt(b) value corresponding to different jet pT cut.

◦ Explain why you do not do Run 2 cuts : mjj and zeppenfeld cut.

>>These two variables are used in BDT training

◦ The gain is from QCD part, so be strong on the understanding of this background.

>>QCD process has its special performance, I have a Discussion chapter in  the note.

◦ Estimate background with fake photon from QCD jets+1y + jet->y smearing function.

>>As an estimation, we think the fake rate in Run2 and HL-LHC(UPF) is similar, so the fake condition should also be 
similar. If we do that we need a very large amount of QCD jets MC. 

◦ Why VBF amplitude is not the same for ITK and rmfwdPU. There is no contamination from PU

>>In the slide I showed the event in BDT tight+loose category. ITK and rmfwdPU have different definition here. 
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backup
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Background component
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Yields and fraction decomposition of 
background component in Run2 36.1 𝑓𝑏−1

supporting note. Page 89. 
4 VBF categories (VBF HjjLOW loose, VBF 
HjjLOW tight, VBF HjjHIGH loose, VBF HjjHIGH
tight) are considered in this work. 



Background component
Photon efficiency and fake rate in HL-LHC and Run2
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Photon reconstruction 
efficiency with photon pT

Fake rate from truth jet to photon. 

Ref: Hgam xs in HL-LHC

https://indico.cern.ch/event/660885/contributions/2698856/attachments/1512520/2359166/HiggsApproval_SM_240817.pdf


Comparison with Run2
Internal note: CDS link
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Extra configurations in Upgrade
◦ Upgrade Cfg1: |𝜂𝑗|<4.4, Tracking Confirmation(TC) up to 3.8

in region 3.8 < 𝜂 < 4.4, 𝜀𝑗𝑒𝑡 = 1

◦ Upgrade Cfg2: |𝜂𝑗|<4.4, Tracking Confirmation(TC) up to 2.5

in region 2.5 < 𝜂 < 4.4, 𝜀𝑗𝑒𝑡 = 1

◦ Upgrade Cfg3: |𝜂𝑗|<3.8, Tracking Confirmation(TC) up to 3.8

remove all the pile-up jets with truth information

◦ Upgrade Cfg4: |𝜂𝑗|<4.4, Tracking Confirmation(TC) up to 3.8

in region 3.8 < 𝜂 < 4.4, 𝜀𝑗𝑒𝑡 = 1, remove all the pile-up jets with truth information

◦ Upgrade Cfg5: |𝜂𝑗|<4.4, Tracking Confirmation(TC) up to 2.5

in region 2.5 < 𝜂 < 4.4, 𝜀𝑗𝑒𝑡 = 1, remove all the pile-up jets with truth information

https://cds.cern.ch/record/2640064/files/ATL-COM-UPGRADE-2018-024.pdf


Discussion——jet region

The VBF sample selection efficiency in each step.

The differences in photon-relative cut may come from the fake photon from the jets (fake rate is 
~10−3)

Expanding the jet 𝜂 region helps to recover the efficiency(ITK vs. Cfg1, Cfg3 vs. Cfg4), but the 
ggH and 𝛾𝛾 background events also increase(in next slides)
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Discussion——jet region

The VBF leading and sub-leading jet 𝜂 distributions after 𝑁𝑗𝑒𝑡 ≥ 2 selection, normalizing to event 

number after the mass window cut.

• The forward jets have contribution to the selection, a precise jet 
reconstruction efficiency would be very helpful.

• Whether the  jet reconstruction efficiency is the same in the Upgrade and 
ATLAS data need further check. 
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Discussion——background efficiency
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• Expending the jet 𝜂 region increases the efficiency by 85% in ggH and 17% 
in 𝛾𝛾 background(ITK vs. Cfg1) 

• Removing pile-up can help to reject more background sample. (ITK, Cfg1~2 
vs. Cfg3~5)



Jet Pt distribution
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ITK scenario
leading jet pT vs. sub-leading jet pT for:
Leading HS+subleading HS(left top), 
leading PU+subleading HS(right top), 
leading PU+subleading HS(left bottom),
Leading PU+subleading PU(right bottom).

#Event (scaled)

HSj1+HSj2 619493

PUj1+HSj2 60422

HSj1+PUj2 136153

PUj1+PUj2 39364

total 855433



Jet Pt distribution
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rmfwdPU scenario
leading jet pT vs. sub-leading jet pT for:
Leading HS+subleading HS(left top), 
leading PU+subleading HS(right top), 
leading PU+subleading HS(left bottom),
Leading PU+subleading PU(right bottom).

#Event

HSj1+HSj2 624406 

PUj1+HSj2 42595 

HSj1+PUj2 92792 

PUj1+PUj2 18306 

total 778099 



Significance with different jet pT cut
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30GeV 45GeV 60GeV 75GeV

30GeV 4.69

45GeV 4.91 4.65

60GeV 5.08 4.67 3.95

75GeV 4.91 4.53 3.85 3.11

30GeV 45GeV 60GeV 75GeV

30GeV 4.73

45GeV 4.84 4.47

60GeV 4.99 4.51 3.91

75GeV 4.94 4.55 3.92 3.22

30GeV 45GeV 60GeV 75GeV

30GeV 0.853%

45GeV -1.426% -3.871%

60GeV -1.772% -3.426% -1.013%

75GeV 0.611% 0.442% 1.818% 3.537%

ITK scenario rmfwdPU scenario

improvement in significance 

calculated VBF significance in different jet pT cut. 
Column: pT cut in leading jet j1.
row: pT cut in sub-leading jet j2. 
top left: ITK scenario.     top right: rmfwdPU scenario.
bottom: improvement from rmfwdPU. 


