
4D Tracking Meeting, 12th Jan 2022



Jan. 12th 2022 V. M. M. Cairo 2

• Recap from our previous discussion in September: 
https://indico.slac.stanford.edu/event/7061/

• Produce ATLAS samples (ITk+HGTD scenario) containing tracks with decorated time 
information

• https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/4DPreliminaryInvestigation

• Next steps: 
• check impact on b-tagging à direct connection to physics cases
• Work has started!

https://indico.slac.stanford.edu/event/7061/
https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/4DPreliminaryInvestigation
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• HH & VBF H->inv are definitely of interest in this group! 
• H->yy and VBF H->tautau could be very good additions!

• From CMS MTD TDR: “The MTD will give timing information for MIPs with 30–40 ps
resolution at the beginning of HL-LHC operation in 2026, degrading slowly as a result of 
radiation damage to 50–60 ps by the end of HL-LHC operations.” 

• 21.2 × 42 mm2 with square pixels of 1.3 × 1.3 mm2. 
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• Various systematics scenarios studied for 𝐻𝐻 → 𝛾𝛾𝑏%𝑏 and 𝐻𝐻 → 𝑏%𝑏𝜏𝜏 and full Run 2 
results extrapolated to HL-LHC ∫𝐿

• Preliminary combination studies available, note in preparation

ATL-PHYS-PUB-2020-005

Old HL-LHC projections New HL-LHC projections

https://cds.cern.ch/record/2791485/files/ATL-COM-PHYS-2021-1020.pdf?version=10
https://cds.cern.ch/record/2791526/files/ATL-COM-PHYS-2021-1023.pdf?version=9
https://indico.cern.ch/event/1099458/contributions/4630862/attachments/2353538/4015594/HHcomb_November_26_Alkaid.pdf
https://cds.cern.ch/record/2713377/files/ATL-PHYS-PUB-2020-005.pdf?version=1
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Reduce systematics, increase signal efficiency for instance via improved object reconstruction!

Pessimistic 
spurious 
signal

• Run2–like systematics would wash out 
b-tagging improvements!

• But… a hypothetical 10% improvement 
in btag. eff. with HL-LHC systematics 
would buy us ∼0.3 σ, i.e. ∼ 500 fb-1!!!

𝐻𝐻 → 𝑏%𝑏𝛾𝛾

A. Wang

https://cds.cern.ch/record/2780474/files/ATL-COM-PHYS-2021-739
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Reduce systematics, increase signal efficiency for instance via improved object reconstruction!

Pessimistic 
spurious 
signal

• Run2–like systematics would wash out 
b-tagging improvements!

• But… a hypothetical 10% improvement 
in btag. eff. with HL-LHC systematics 
would buy us ∼0.3 σ, i.e. ∼ 500 fb-1!!!

𝐻𝐻 → 𝑏%𝑏𝑏%𝑏

• Similar consideration for 𝐻𝐻 → 𝑏%𝑏𝑏%𝑏 even 
if the leading systematics are of different 
nature!

B-tagging improvements would naturally propagate to most of the HH channels

𝐻𝐻 → 𝑏%𝑏𝛾𝛾

A. Wang C. Sam

https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf
https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf
https://cds.cern.ch/record/2780474/files/ATL-COM-PHYS-2021-739
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VBF H->inv extensively studied at the time of the HGTD TDR, results still valid! 

Fig. 3.25
Normalized signal over 
background gain relative to 
ITk-only pileup jet 
suppression performance, 
as a function of the 
additional pileup jet 
rejection from HGTD. The 
solid black (dotted red) line 
represents the HGTD 
improvement from the CF 
(FF) event topologies 
separately. The dotted blue 
line shows the total 
improvement when the 
combined HGTD+ITk pileup 
suppression algorithm is 
applied to all jets in the 
event. 

https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2
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• Now that we know more quantitively the impact of btagging improvements in certain 
HH analyses, we need to quantify where the introduction of a timing layer in ATLAS 
takes us.

• Tools to study this are being put together and at the same time impact on other physics 
channels is being looked into:
• HH->bbtautau through improvements also in tau reconstruction 
• Potentially H->cc

• Submitted a proposal for a discussion on this for the first time in ATLAS during the 
Upgrade Performance workshop 
• https://indico.cern.ch/event/1098662/

https://indico.cern.ch/event/1098662/


F. Cairo, From Conn(ll)ecting the dots

Valentina Maria Martina Cairo
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VBF H->inv extensively studied at the time of the HGTD TDR, results still valid! 

https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf?version=2
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ATL-COM-PHYS-2021-1020 ATL-COM-PHYS-2021-1023

• Various systematics scenarios studied

https://cds.cern.ch/record/2791485/files/ATL-COM-PHYS-2021-1020.pdf?version=10
https://cds.cern.ch/record/2791526/files/ATL-COM-PHYS-2021-1023.pdf?version=9
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Reduce systematics, increase signal efficiency for instance via improved object reconstruction!
• An example: the 𝐻𝐻 → 𝛾𝛾𝑏%𝑏 case

• Systematics dominated by spurious signal!
• Combination of intrinsic bias due to bkg

mismodeling & statistical fluctuations in 
bkg templates (limited MC size)

• Strong motivation for improvements in 
background modelling (Gaussian Process 
Regression, dedicated yy+hf in 4FNS
samples, etc)

Pessimistic 
spurious 
signal

• Run2–like systematics would wash out 
b-tagging improvements!

• But… a hypothetical 10% improvement 
in btag. eff. with HL-LHC systematics 
would buy us ∼0.3 σ, i.e. ∼ 500 fb-1!!!

https://cds.cern.ch/record/2780474/files/ATL-COM-PHYS-2021-739
https://its.cern.ch/jira/browse/ATLMCPROD-8929
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https://docs.google.com/presentation/d/1C3AoIU6PBqbLCRM3R6xdmraBO2XmLEBIHmqy2qK
KhU4/edit#slide=id.g1072e6ef93e_0_15

https://docs.google.com/presentation/d/1C3AoIU6PBqbLCRM3R6xdmraBO2XmLEBIHmqy2qKKhU4/edit
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https://cds.cern.ch/record/2791485/files/ATL-
COM-PHYS-2021-1020.pdf?version=10

https://cds.cern.ch/record/2791485/files/ATL-COM-PHYS-2021-1020.pdf?version=10
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https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869
/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf

https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf
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https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869
/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf

https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf
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https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869
/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf

https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf
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https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869
/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf

https://indico.cern.ch/event/1075421/contributions/4522372/attachments/2312869/3936469/HH_taskforce_hh4b_high_lumi_update_colm_sam_21_09_20.pdf
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• Previous projections: https://cds.cern.ch/record/2652727/files/ATL-PHYS-PUB-2018-
053.pdf?version=1

https://cds.cern.ch/record/2652727/files/ATL-PHYS-PUB-2018-053.pdf?version=1
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053.pdf?version=1

https://cds.cern.ch/record/2652727/files/ATL-PHYS-PUB-2018-053.pdf?version=1
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https://www.sciencedirect.com/science/article
/pii/S2405428320300083?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S2405428320300083?via%3Dihub
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2019-005/

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2019-005/
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1) Track classification (counting tracks to decide if the tau is 1P or 3P): we moved 
from a cut-based approach to a set of BDTs

2) tau ID: move from BDT to RNN documented in a PUB note 
https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf?version=1

3) Tau Energy Scale: an estimate of the TES based on tau substructure information 
and calo fed into a BRT was developed and used by some analyses in R20.7 but R21 
brought it by default across ATLAS. This was documented 
in https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-
2017-029/.

All nicely described also here: 
https://indico.cern.ch/event/636010/contributions/2673165/attachments/1547582/2
429461/reco_id_ml_tauws.pdf

https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf?version=1
https://mmm.cern.ch/owa/redir.aspx?C=0cKnHZozs5BGcpAPB3F6Gl_15vMQLnpQJg-GRZN7Y4qzhtwG2J_ZCA..&URL=https%3a%2f%2fatlas.web.cern.ch%2fAtlas%2fGROUPS%2fPHYSICS%2fCONFNOTES%2fATLAS-CONF-2017-029%2f
https://indico.cern.ch/event/636010/contributions/2673165/attachments/1547582/2429461/reco_id_ml_tauws.pdf
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https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf?version=1

https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf?version=1

