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Action Items

• Reply to all comments on CDS

• Include background uncertainties and remove signal uncertainties in the data/MC plots.

• Check the definition of delta R in presence of neutrinos

• Run toys for the problematic regions where you have only 1 event or try to merge regions to avoid needing to run 

toys, i.e. when you define regions make sure the asymptotic approximation still holds

• Please describe the interpolation and the mass resolution studies in the note

• The EB wants to see Appendix A (statistical analysis) complete before unblinding

• When all of the above is in place, please produce closure slides and send them to HH&HDBS conveners as well as 

EB. If needed, we will schedule an additional talk, if not we can simply circulate slides.
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Reply to all comments on CDS

• Reply(1)

• Reply(2)

• All the comments are answered. Very few modifications are marked as purple to 
be implemented in the draft.

• Frequently asked parts in the draft are written, like theoretical uncertainty, lepton 
dependence uncertainty,  and TMVA configuration.
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https://docs.google.com/document/d/1QfLzszJpQGK6KVJuQn-dBbQT2QDBXvo2v8jRYM6C70g/edit
https://docs.google.com/document/d/11aYnbpywtiGzh3sssjuncDCiORSmogLCoeQFC9_niqE/edit


Background normalization factors

• Include background uncertainties and remove signal uncertainties in the 
data/MC plots.

->Also been mentioned as background uncertainty. Now included.
• Limit worse ~1%.
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Check neutrinos kinematics

• Pz_neutrinos is fitted by the W mass constraint. Also used in other experiments.
• No big distortion in these distributions.
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Toy tests

• All the channels are tested in toy test, both combined and the 
Individual channels including WW1e1m and ZZ2l.

(Considering now the Asimov fit is done, data distribution do not affect the final results;

Background normalization factor nominal value exactly at 1.00).

Results consistent in this situation.
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Interpolation
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20 points->1600 points
Linear interpolation in log(y) scale.

Best point (X1000S300) 167fb.



Interpolation——100% WW/ZZ decay
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Issue for mass resolution:

• EB asked to think about running X/S mass.

• Currently, this analysis do not sensitive to different X and S mass.
• All the events are kept as long as 2 tight photons and 1 good leptons obtained.

• In BDT training, no variable is heavily rely on X and S kinematics.

• For one mass point, like X750S200, to pass the selections for X600S200, the difference is cut value
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As we tested the different threshold sideband data for 
limits, The limit may varied for cut value but the final 
impact on limits is acceptable. If the X-S mass is running, 
our selections are efficient to find the sensitivity. 
Which is, it is possible for us to do extrapolation for 
running X-S mass.



Validation for interpolation

• Use [600, 300], [1000, 300] to interpolate [750, 300]: 
• 290 (Real)

• 291.417 (Interpolated)

• Use [600, 200], [1000, 200] to interpolate [750, 200]: 
• 264 (Real)

• 270.235 (Interpolated)

• For phase limited cases, the deviation will be large. Results for (600, 400) ~20% uncertainty.
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Draft status

• The EB wants to see Appendix A (statistical analysis) complete before 

unblinding

->Done.

Also requiring SS tests, background function forms, lepton dependance uncertainties in the 
comments. Another Appendix added with A.
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• When all of the above is in place, please produce closure slides and send 

them to HH&HDBS conveners as well as EB. If needed, we will schedule 

an additional talk, if not we can simply circulate slides.

->Slides and comments are prepared. Draft may need more time to finish all 

the requirements.
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Origin Closure slides in 
December
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Status

• CDS:2779977,version 20. circulated Dec.9;

• Glance

• EB meetings
• Feb. 2nd

• Sep. 26th

• Dec 9th

• EB committee:
• D'ERAMO, Louis (Northern Illinois)

• MAZINI, Rachid (Taipei AS)

• SCHAARSCHMIDT, Jana (Seattle Washington)(Chair)
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https://cds.cern.ch/record/2779977
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?id=6338
https://atlas-glance.cern.ch/atlas/membership/members/profile?id=9903
https://atlas-glance.cern.ch/atlas/membership/members/profile?id=476
https://atlas-glance.cern.ch/atlas/membership/members/profile?id=3670


SH model for Higgs couplings
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SH search
Higgs Pair 

Production

Higgs

Self-
Coupling

Higgs
Potentials

SM/BSM

Physics

X->Sh model, an alternative model 

enhancing Higgs pair production.

Heavy cp-even scalar X into Higgs 

h + Higgs-like scalar S. 



Current studies for HH/SH
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ATLAS HH:

• bbyy: Phys. Rev. D 106, 5 (2022) pp.052001

• bbbb： (ATLAS-CONF-2022-035) 

• bbττ: (arXiv:2209.10910）

• combination: arXiv: 2211.01216

CMS HH:

• bbbb: (PRL 129(2022)081802)

• bbyy: (JHEP 03(2021)257)

• bbττ: arXiv:2206.09401

• multilepton: arXiv: 2206.10268

• Wwyy: CMS PAS HIG-21-014

• combination: Nature 607, 60-68 (2022)

SH:

CMS SH->bb𝜏𝜏: JHEP 11 (2021) 057

CMS SH->bbyy: CMS PAS HIG-21-011

More results for SH are undergoing.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-40/
https://arxiv.org/pdf/2211.01216.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802
https://arxiv.org/abs/2206.09401
https://arxiv.org/abs/2206.10268
https://cds.cern.ch/record/2840773/files/HIG-21-014-pas.pdf
https://www.nature.com/articles/s41586-022-04892-x
http://arxiv.org/abs/2106.10361
http://cds-lb.cern.ch/record/2815230/files/HIG-21-011-pas.pdf


Model & Final states

• Expected to be model independent

• Nominal sample do not rely on BSM assumptions;

• Results presented as S follow as same decay branch ratio as H.

• Also S->WW/ZZ 100% results shown for extrapolation.

• If S decay like Higgs, for 𝑚𝑆 > 𝑚125, S would 

decay into WW and ZZ dominantly.

• S decay: electron or muon;

• H125 decay: diphoton, clear spectrum;

• Final states:

• Diphoton + Multilepton chosen.
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Samples

• Data: Official HGam h026, 139ifb, 15-18 full Run2 data.

• Signal

• SH WW1l, WW2l, ZZ2l, Pythia8.(800938-800997)

• MC:

• SM Higgs(ggH, VBFH, WH, qqZH, ggZH……)

• Continuum background: yy+jets, V/VV+yy, Ƹ𝑡𝑡+yy.

• yy+0l, 1l, 2l for bkg shape study;  
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In SH, to mix WW and ZZ signals properly, 
the decay branching ratio are assumed to 
be the same as Higgs.  

• 20 mass points has been chosen:

• S mass from 170 to 500 GeV

• X mass from 300 to 1000 GeV 

WW1l SH cutflow

Consistent with other Hgam studies.



General Object definition

• Good lepton

• e/muon pt>10 GeV;

• Electron PID: Medium;

• Electron ISO: FCLoose

• Muon PID: Medium

• Muon ISO: PflowLoose_FixedRadIso

• Hadronic tau not included.
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• Good event

• GRL, Pass the trigger, detector DQ……

• B-veto

• B-77 veto to avoid the overlap with bb.

• 2 tight photons

•
𝑝𝑇𝑦1

𝑚𝑦𝑦
> 0.35,

𝑝𝑇𝑦2

𝑚𝑦𝑦
> 0.25,𝑚𝑦𝑦 ∈

105, 160 GeV

• Tight ID, Tight ISO.

All default configuration in Hgamframework.(h026, AnalysisBase 21.2.131.), Same as HH-ML.



Categories

• WW1e1m and ZZ2l are clean enough so 
directly use as number counting.

• Qiyu use further selections like pt_yy>50GeV, 
while in SH pt_yy used as BDT training 
variable, no additional selections applied.

• Observables: 𝑚𝑦𝑦

• Blinded region: 120 GeV<𝑚𝑦𝑦<130 GeV

• Sideband region: [105, 120]∪ [130, 160] GeV

23/1/30 Kaili 20



TMVA Training

• BDT used

• 4 folds Cross Validation.

• Training on reweighted continuum 

backgrounds+single Higgs+Dihiggs vs 

signals.
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In this plot, continuum backgrounds+single
Higgs+dihiggs are shown in sideband region, 
while dashed signals is the normalized signal in 
signal region.  



TMVA variables

• Parametrized 𝑚𝑋

• X mass used in training to get 20 different 

outputs, but small impact.
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No variable heavily rely on X/S mass value. 



BDT cut value configuration

• 2 region, tight, loose defined.

• At least 2 side band data events in tight 
region assured.

• Impact for different threshold studied. 
from threshold 2-10.
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Background Estimation

• General idea: 

• Using sideband data 0l CR (failed 2 tight photons) 
shape to simulate yy+1/2l shape.

• Use sideband data yy+0l+1j to simulate yy+lvjj.

• Use yy+0l+2j to simulate yy+lvlv.

• Smooth analytic function used to estimate the 

signal region in 120-130.

• Bkg yields scaled to sideband data.
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Lepton dependence

• Lepton dependence uncertainty value 
calculate from MC comparison(yyjj, yylvjj, 
yyllvv), generator in Madgraph+Pythia8.

• Chi square value in 45 bins.

• Uncertainty apply on the background yields.
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X1000S500: 
Lepton dependence

BDT tight BDT loose

1L 8.98% 5.26%

2L 7.38% 5.47%



Spurious signals

• Impact for different background 
functions tested.

• 2nd order exponential polynomial 
chosen.

• 𝜇𝑆𝑃 used as uncertainty on signal yields.
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Both lepton dependance and spurious 
signals varied for different X-S mass points, 
1l and 2l, and bdt tight and loose. 
(80 in total)

Chebyshev polynomial functions usually can not 
pass the criteria; Bernstein is buggy for 
discontinuous regions. For 1st Exp and 2nd Exp, 
following the previous practice, 2nd Exp is chosen.



𝑚𝑦𝑦 distribution

• Use TRExFitter, one binned fitting tool.

• Suffered from limited statistics. 

• No need to parametrized signal shape

• [105, 160], 25bins.
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Theory uncertainties

• Truth level sample generated to 
calculate the global change for 
variations:
• Madgraph+Pythia8

• Madgraph+Herwig7

• In Madgraph, it is necessary to point out 
the BSM model name. Using 
SM_loop_twoscalar.

• Current signal QCD is the dominant 
uncertainty source, ~13% for X1000S500.
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Dihiggs Results from Qiyu.



Systematic uncertainties

• Followed Dihiggs scenarios, >100 NPs 

included. 

• While there are no explicit selections on 

objects for photons and leptons, most NPs 

do not change 𝑚𝑦𝑦 shape and yield.

• Pruning threshold 0.5%, usually only 

Egamma, lumi, DATASF NPs passed.

• Analysis dominates by statistics.
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Expect Results for S decay like SM.
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Best channel in (X1000, S200): 168fb.



Expect results for S 100% to WW/ZZ.

WW: ZZ:
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BDT cut value stay the same as SM predictions, 
but scale the yields to 100% WW/ZZ.

100% WW have better limits for larger yields.



CDS’s comment since Dec 9th:

• We received many nice comments in CDS, thank you all!
• https://docs.google.com/document/d/1Gwua1dWgyDFbYqGpTkY0PZTaXSR_pfgZfRGjxzqwQ

mI/edit?usp=sharing

• More than 100 suggestions from 9 different people;

• To avoid confusing, the updated draft, including Appendix A and the reply for 
comments will be done after this approval meeting. 
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https://docs.google.com/document/d/1Gwua1dWgyDFbYqGpTkY0PZTaXSR_pfgZfRGjxzqwQmI/edit?usp=sharing


Summary

• We are ready for unblinding.
• Currently best channel in X1000S200, for 168fb.

• Unfinished task:
• Check for theoretical uncertainty

• Check for Interpolation

• Comments received on CDS.
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Backups

23/1/30 Kaili 34



Signal cutflows
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BDT Overtraining
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Correlation matrix
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X1000S500 X400S200



Pruning situations for X1000S500

23/1/30 Kaili 38

Most of the NPs are pruned by 0.5% threshold.



Vertex check

• Hgam usually use NN vertex while with leptons, it is possible to use the hardest 
vertex.
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Toy limits & signal injections
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