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back-to-back topology
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Hidden Valley Scenarios
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Michelangelo: Creation of Adam 
HV Illustration recreated after B. Maier

Hidden Valley Scenarios – A Benchmark Model
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From Hidden Valleys to Semi-Visible Jets
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Scanned model parameters: mZ’, rinv, (mdark), ...

From Hidden Valleys to Semi-Visible Jets
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Scanned model parameters: mZ’, rinv, (mdark), ...

From Hidden Valleys to Semi-Visible Jets
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Adapted from https://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-353690

5

Standard Model Backgrounds
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Adapted from https://cds.cern.ch/record/2940795

Analysis Pipeline
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Adapted from https://cds.cern.ch/record/2940795

Analysis Pipeline
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I) Lowering Trigger Thresholds: HLT-Scouting

Offline trigger: 
HLT-Scouting trigger:  

HT
* > 1080 GeV

HT
* > 410 GeV

* Scalar sum of all AK4 jet pT (reconstructed from PF Candidates at HLT level)

Adapted from https://indico.cern.ch/event/1492840/contributions/6459931/

https://publish.etp.kit.edu/record/22315
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I) Preselection



Institute of Experimental Particle Physics (ETP)Jonas Janik – Search for Semi-Visible Jets in CMS Run-2 Scouting DataJanuary 12, 20269

II) Supervised SVJ Tagging via LundNet

https://cds.cern.ch/record/2884797/
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II) Supervised SVJ Tagging via LundNet

https://cds.cern.ch/record/2884797/
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III) The ABCD Strategy

X, Y statistically independent
signal contamination in CRs
negligible

Closure conditions

(Y
)

(X)
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III) (Binned) ABCD Strategy

X, Y statistically independent
signal contamination in CRs
negligible
X, Y uncorrelated to MT

Closure conditions

(Y
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III) (Binned) ABCD Strategy

X, Y statistically independent
signal contamination in CRs
negligible
X, Y uncorrelated to MT

Closure conditions

(Y
)

(X)

Problem: Find two Variables
                fulfilling all conditions
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III) (Binned) ABCD Strategy

X, Y statistically independent
signal contamination in CRs
negligible
X, Y uncorrelated to MT

Closure conditions

(Y
)

(X)

Problem: Find two Variables
                fulfilling all conditions

Solution: Simultaneously train two DNNs,
               enforce conditions via loss terms
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III) 3D-ABCDisCoTEC Method

Apply global train/val/test split (40/20/40)
Train two MLPs simultaneously (shared inputs, independent weights)
Supervised training on MC mixture: 
   QCD, ttbar, W+Jets, Z+Jets   &   signal grid (33 points)
Event weights used; class-weight rescaling (S/B = 3/2)
5 Mini-batches (55,000 events) sampled per epoch with replacement 
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III) Constructing the Training Objective. . .

X, Y statistically independent
signal contamination in CRs
negligible
X, Y uncorrelated to MT

Closure conditions
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III) Constructing the Training Objective. . . .

X, Y statistically independent
signal contamination in CRs
negligible
X, Y uncorrelated to MT

Closure conditions

- BCE to maximize the significance       
   in the signal region
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III) Constructing the Training Objective. . . . . . .

X, Y statistically independent
signal contamination in CRs
negligible
X, Y uncorrelated to MT

Closure conditions

- BCE to maximize the significance       
   in the signal region

- decorrelate X, Y against       to
   encourage closure in signal and         
   validation plane
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III) Constructing the Training Objective. . . . . . . .

X, Y statistically independent
signal contamination in CRs
negligible
X, Y uncorrelated to MT

Closure conditions

- BCE to maximize the significance       
   in the signal region

- decorrelate X, Y against       to
   encourage closure in signal and         
   validation plane

- enhance closure in normalization [1]
   and shape (novelty)

[1] https://arxiv.org/pdf/2506.08826
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III) Constructing the Training Objective

[1] https://arxiv.org/pdf/2506.08826
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Results
after inference on the test dataset...

January 12, 202614
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III) Score Distributions in the Signal Plane (SP)
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III) Boundary Optimization

Goal: Find stable working point for ABCD cuts that maximizes sensitivity 
Run grid search (33 x 33 in [0.1, 0.9]2), for each point:
   - Build MT templates in {A, B, C, D}, produce B-only Asimov dataset
   - Perform B-only ABCD fit (CRs only) → Propagate uncertainties to SR prediction 
   - Compute metrics:
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III) Boundary Optimization – Grid Scan
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III) Boundary Optimization – Applying the Working Point

SP



Institute of Experimental Particle Physics (ETP)Jonas Janik – Search for Semi-Visible Jets in CMS Run-2 Scouting DataJanuary 12, 202619

III) Validation

To demonstrate: stable, unbiased background prediction at chosen WP before unblinding
Key principles - Validate:
  - ABCD closure
  - Stability against variations of ABCD boundaries
  - Robustness to signal contamination
Progress from pseudo-data (SP, VP) to data (VP)

(Distributions after applying preselection)

Reminder:
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III) Validation

(Distributions after applying preselection)

Reminder:

To demonstrate: stable, unbiased background prediction at chosen WP before unblinding
Key principles - Validate:
  - ABCD closure
  - Stability against variations of ABCD boundaries
  - Robustness to signal contamination
Progress from pseudo-data (SP, VP) to data (VP)

→ Derive (per-bin) non-
closure uncertainties
for stat. inference
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III) Validation

(Distributions after applying preselection)

Reminder:

To demonstrate: stable, unbiased background prediction at chosen WP before unblinding
Key principles - Validate:
  - ABCD closure
  - Stability against variations of ABCD boundaries
  - Robustness to signal contamination
Progress from pseudo-data (SP, VP) to data (VP)
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IV) Statistical Inference: Expected Limits

Performed with CMS Combine 
via CLs method

Using the profile-likelihood test  
statistic & the asymptotic 
approximation

Combined S+B fit across 
regions {A,B,C,D} per bin

Include per-bin non-closure 
systematics for background 

Signal systematics to be added

rinv = 0.3

rinv = 0.7

rinv = 0.5



Institute of Experimental Particle Physics (ETP)Jonas Janik – Search for Semi-Visible Jets in CMS Run-2 Scouting DataJanuary 12, 202620

IV) Statistical Inference: Expected Limits

Performed with CMS Combine 
via CLs method

Using the profile-likelihood test  
statistic & the asymptotic 
approximation

Combined S+B fit across 
regions {A,B,C,D} per bin

Include per-bin non-closure 
systematics for background 

Signal systematics to be added

rinv = 0.7

rinv = 0.5

rinv = 0.3
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Future Directions 
of the ABCD method...

January 12, 202621
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How to find optimal target values for 
constrained losses?

Training objective =/= Analysis objective

Distance Correlation loss limits batch size 
during training (running into VRAM limits)

→ Closure & DisCo losses will be biased 
estimators

Systematic non-closure uncertainties 
dominate in SVJ Scouting phase space 
(too many background events)

Can we consider systematic uncertainties 
during training?

Rethinking ABCD Automation
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How to find optimal target values for 
constrained losses?

Training objective =/= Analysis objective

Distance Correlation loss limits batch size 
during training (running into VRAM limits)

→ Closure & DisCo losses will be biased 
estimators

Systematic non-closure uncertainties 
dominate in SVJ Scouting phase space 
(too many background events)

Can we consider systematic uncertainties 
during training?

Rethinking ABCD Automation

Replace BCE with with a loss 
derived from our analysis 
objective! (CLs)
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Toward an End-to-End optimized binned ABCD...
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Toward an End-to-End optimized binned ABCD...

arXiv:2203.05570 
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Summary

Analysis pipeline established for first 
CMS Scouting search for semi-visible jets

Supervised ML assisted strategy: 
LundNet jet tagging & 3D-ABCDisCoTEC 
event tagging + ABCD

Novel shape-level generalization of the 
ABCDisCoTEC approach (suitable for 
Scouting)

Validation strategy well-advanced, 
closure-testing on data (validation plane) 
soon!

Improved sensitivity at low mediator 
masses

Foundations laid for end-to-end, analysis-
aware ABCD methods

rinv = 0.3



Institute of Experimental Particle Physics (ETP)Jonas Janik – Search for Semi-Visible Jets in CMS Run-2 Scouting Data

Backup

January 12, 2026
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SVJ Search Efforts at CMS – An Overview

Scanned model parameters: mZ’, rinv, (mdark) ...

B 1
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GNN with 6 EdgeConv layers, BCE loss

Train on: - leading two AK8 jets 

                   - mixture of signals (varying mZ‘ and rinv) & all backgrounds

Lund Graph representation: learning differences in jet formation

II) Supervised SVJ Tagging via LundNet

B 2
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Overall good performance, with AUCs degrading for 
low mZ‘ and high rinv 

 This is due to signal jets becoming more QCD-like at 
low mZ’ / very invisible at high rinv

II) Supervised SVJ Tagging via LundNet

B 3
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III) 3D-ABCDisCoTEC Method – Input Features (i)

B 4
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III) 3D-ABCDisCoTEC Method – Input Features (ii)

B 5
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III) 3D-ABCDisCoTEC Method – Corr. (Features)

B 6
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III) 3D-ABCDisCoTEC: Loss details (i)

B 7
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III) 3D-ABCDisCoTEC: Loss details (ii)
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III) 3D-ABCDisCoTEC: Loss details (iii)
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III) Score Distributions in the Validation Plane (VP)

B 10
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III) ROCs (SP)

B 11
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III) ROCs (VP)

B 12



Institute of Experimental Particle Physics (ETP)Jonas Janik – Search for Semi-Visible Jets in CMS Run-2 Scouting DataJanuary 12, 2026

III) ROC AUCs (SP)

B 13
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III) ROC AUCs (VP)

B 14
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III) 2D Distributions & DisCo

B 15
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III) 1D Impact Plots

B 16
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III) Boundary Optimization – FOM Details

https://www.pp.rhul.ac.uk/~cowan/stat/medsig/medsigNote.pdf

B 17
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III) Boundary Optimization – Applying the Working Point

SP

And similarly for the VP...

B 18
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III) Expected Background Yields at optimized WP

B 19
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III) Validation

(Distributions after applying preselection)

Reminder:

To demonstrate: stable, unbiased background prediction at chosen WP before unblinding
Key principles - Validate:
  - ABCD closure
  - Stability against variations of ABCD boundaries
  - Robustness to signal contamination
Progress from pseudo-data (SP, VP) to data (VP)

?
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III) Signal contamination panels (SP)

B 21
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III) Signal contamination panels (VP)

B 22
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III) Signal significance panels (SP)

B 23
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III) Signal significance panels (VP)



Institute of Experimental Particle Physics (ETP)Jonas Janik – Search for Semi-Visible Jets in CMS Run-2 Scouting DataJanuary 12, 2026

IV) Statistical Inference: Expected Limits (2D)

Performed with CMS Combine 
via CLs method

Using the profile-likelihood test  
statistic & the asymptotic 
approximation

Combined S+B fit across 
regions {A,B,C,D} per bin

Include per-bin non-closure 
systematics for background 

Signal systematics to be added

B 25
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CMS Collaboration

NASA

January 12, 2026 B 26

XENON Collaboration

Direct Indirect

Collider

DM Search Strategies
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