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Hldden VaIPey Scenarlos A Benchmark Model

f - Conﬁmng SU(2) gauge group (2 dark colors, 2 dark flavors)
- 2 mass-degenerate dark quarks with m, = 10 GeV
- Dark hadron mass mgax = 20 GeV; prompt decays

- Leptophobic Z" mediator with BR(Z" — xx) ~ 1
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From Hidden Valleys to Semi-Visible Jets ﬂ(".

Karlsruhe Institute of Technology

Resonance SM Shower
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From Hidden Valleys to Semi-Visible Jets ﬂ(".

Karlsruhe Institute of Technology

Resonance SN SNOWET (Tiny
1.0

0.5

0.0 . . :

Scanned model parameters: mz, riny, (Myark), ...
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From Hidden Valleys to Semi-Visible Jets ﬂ(".

Karlsruhe Institute of Technology

Resonance SN SROWET (Tiny
1.0

Signature:

- two back-to-back Fatets
miss

- moderate pp - aligned
with one of them

0.5

miss

Bump hunt in dijet-pt
transverse mass T

Search for SVJs

0.0 . .

Scanned model parameters: mz, riny, (Myark), ...
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Standard Model Backgrounds ﬂ(IT
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Analysis Pipeline

AT

Karlsruhe Institute of Technology

I) Trigger & Preselection II) Supervised Jet Tagging (LUundNET)

IV) Statistical Inference

III) Event Tagging & ABCD (3D-ABCDisCoTEC)
events 1 events f . .
Signal Region (B) Signal Region (B)
Background Template j 1 Background
—— Signal DNN2 Template

A~ te

CR SR

P

CR CR v

DNN1 >
> ABCD plane for bin i of Resonant feature (M)
Resonant feature (Mr) Resonant feature
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Analysis Pipeline

I) Trigger & Preselection

IV) Statistical Inference

events 1 . .
Signal Region (B)

Background Template
— Signal

>

Resonant feature (Mr)
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II) Supervised Jet Tagging (LUundNET)

DNN2

e

events 1

( I11) Event Tagging & ABCD (3D-ABCDisCoTEC) "\

Signal Region (B)

A~ [ Fs
CR SR

¢ | b

CR CR

DNN1

ABCD plane for bin i of
Resonant feature

11”

Background
Template

v

Resonant feature (M) /
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I) Lowering Trigger Thresholds: HLT-Scouting ﬂ("'

Karlsruhe Institute of Technology

Scouting Stream
- reduced data format

- eventsize reduced by 100x ] ] _
- event rate increased by 30x CMS Simulation Private Work

- based on reconstruction at HLT ?1-0 U I L L L E‘ 1 T T _5
- 1 N -1 =
8 B i plateau Ht cut : offline trigger threshold —0.005 _a
o e | Standard Stream I i ) %
‘ ‘== "\ & - ~2.5kHz 3 | i B
: ’ ‘ - LI ‘ - ~1.1 MB/event 2 r i 1 -
\ v 4 (o) - fu“event 506; : 1 mzr=700GeV - g
b - reconstructed at I i | mz=1000GeV 0,003 G
CMS L1 Trigger HLT Storage Tier0 after 48 hours § ] 1 mz=1200GeV
C y 1 mz=1500GeV |
L : 2 —_0.002
- : L :
0.2 ! 1 —0.001
N : _ ]
I P T B Hoeats E |

® Offline trigger: H: > 1080 GeV O a0 w0 000 reo0 100 1600

Hr [GeV]
® HLT-Scouting trigger: Ht > 410 GeV e ——————

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

Karlsruhe Institute of Technology

Selection criterion Purpose
> 2 AKS jets with ppr > 150 GeV and |n| < 2.4 signal topology
My > 650 GeV trigger efficiency
__ ,ymiss e : :
Ry = pp* /My > 0.24 . | ensure missing pr without sculpting M
A min = min [Aqb(Jo,p%lss), Agb(Jl,p?lss)} < 0.8 reject EW backgrounds
’AU(J(), Jl)’ < 2.2 SP/VP definition
\ , Private work (CMS simulation) 2018 (13 TeV)
ﬂ10;lllllllllllllllllllllll|lll|||ll|||||||||l|§
S - == my =0.7TeV,r,, =03 == QCD ]
u>J L e my = 0.7 TeV, ry, = 0.7 tt i
. 100 = == my =15TeV, r,, = 0.3 W+lJets _
Signature: £ g == my=15TeV, 1y, = 0.7 BN ZiJets E
8 E Background uncertainty E
- two back-to-back Fatjets 101 -
- moderate p7'*°aligned o At e e, 1
with one of them 1
102 .
_, Bump huntin dijet-piss
invariant mass 1T L
,-IMiSS 4
pT 10 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Search for SVJs An(lo, J1)
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I1) Supervised SVJ Tagging via LundNet ﬂ(“'

Karlsruhe Institute of Technology

/ % A~ A
Q .
3 Primary Lund
N Jet Plane
follow hardest 2y
branch only )
Q
0§
' =
0
AKS jet , R %
J Harder subjet . 0 ’((,(\ non-pert. (small k)
Initial jet 0 | (1/A)>
/1 | / AN \ n /
4,_ Recluster \ 0
w/ C-A 0

Cambridge—Aachen declustering
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I1) Supervised SVJ Tagging via LundNet

AT

Karlsruhe Institute of Technology

s b
Harder subjet 2 2 .
Initial jet . \
1 0 \
Softer subjet ‘ / \\
Recluster \ ‘ / Lund Graph \
w/ C-A ‘
° [ ]
e o [ ]
[ e o0
Cambridge—Aachen declustering [IYTY N
follow all branches, el 4,8 & . %
save tuple of % . % GNN
kinematics at ® oo00 o 00 =
each split et m LundsS
o £ 9oe undScores
.:.-:.:-E (signal compatibility)
\ - o for the two leading J
\\ AKS jets /

_
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Ill) The ABCD Strategy

n‘;‘bs X

AT

Karlsruhe Institute of Technology

obs

Wi

obs

signal-enriched

Observable 2 (Y)

Observable 1 (X)
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Closure conditions

@ X, Y statistically independent
@ signal contamination in CRs
negligible

o /
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lll) (Binned) ABCD Strategy ﬂ("'

Karlsruhe Institute of Technology

b bs o, "D
2 S ODS X
Npi = MA; * obs

, T

Closure conditions

@ X, Y statistically independent
@ signal contamination in CRs

negligible

\IX, Y uncorrelated to M+ /

Observable 2 (Y)

Observable 1 (X)
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lll) (Binned) ABCD Strategy ﬂ("'

Karlsruhe Institute of Technology

~b obs nODbi
Np,i = MAi X qobs
] ’ Closure conditions

— - N .
> o W X, Y statistically independent
> § ® signal contamination in CRs
§ ) €5 negligible
2
@)

\IX, Y uncorrelated to M+ /

Observable 1 (X)

Problem: Find two Variables
fulfilling all conditions
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lll) (Binned) ABCD Strategy ﬂ("'

Karlsruhe Institute of Technology

. @ X, Y uncorrelated to M

-

~b obs nODbi
Npi = MA; X jobs
] ’ Closure conditions

— - N .
> o B X, Y statistically independent
N g ® signal contamination in CRs
o .
g - €3 negligible
2
@)

Y,

>
Observable 1 (X) Mr [GeV]

Problem: Find two Variables » Solution: Simultaneously train two DNNSs,
fulfilling all conditions enforce conditions via loss terms
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lll) 3D-ABCDisCoTEC Method

AT

Karlsruhe Institute of Technology

@ Apply global train/val/test split (40/20/40)
® Train two MLPs simultaneously (shared inputs, independent weights)
@ Supervised training on MC mixture:

o

QCD, ttbar, W+Jets, Z+Jets & signal grid (33 points) Cear12356)» s
@ Event weights used; class-weight rescaling (S/B = 3/2) I -
@ 5 Mini-batches (55,000 events) sampled per epoch with replacement C‘f) C(l)D
MLP block MLP block
(Linear(256,256) + BN + ReLU) (Linear(256,256) + BN + ReLU)
| |
Input feature Description MLP block : (MLP l?lock i
— (Linear(256,256) + BN + ReLU) Linear(256,256) + BN + ReLU
pr e missing transverse momentum ( l) I
B (PIIss) azimuthal angle of the missing transverse momentum e e = ey
Rt transverse ratio Linear2s6. )
AGmin smaller azimuthal angle between pr''*® and each of the two leading jets
Ap(Jo, J1) A¢ between the leading jets

A¢(Jo,ﬁ¥l?ss) A¢ between the leading jet and piss |
Ap(J1, pr™™) A¢ between the subleading jet and pp™*®

z(Jo, J1) transverse momentum balance between the leading jets
Z(Joa ﬁ%nlss)

—»miSS)

Z(JlapT

transverse momentum balance between the leading jet and pt

—miss

_ min(pr(Jo), pr(J1))

pr(Jo) + pr(J1)

transverse momentum balance between the subleading jet and pt

* " LundNet score (Jo) LundNet jet tagger score of the leading jet
LundNet score (J1) LundNet jet tagger score of the subleading jet

\
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lll) Constructing the Training Objective. .. &‘(IT

13
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Closure conditions

| X, Y statistically independent

@ signal contamination in CRs
negligible

@ X, Y uncorrelated to Mt
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lll) Constructing the Training Objective.... &‘(IT

13

X) (X Y Y
L(0;\) = \)‘](30)}3 /:’](BC)E + )‘](BC)E 51(30)@

s—b discrimination
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Closure conditions

| X, Y statistically independent

@ signal contamination in CRs
negligible

@ X, Y uncorrelated to Mt

- BCE to maximize the significance
in the signal region
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lll) Constructing the Training Objective..... &‘(IT

Karlsruhe Institute of Technology

X) (X Y Y
L(0;\) = \)‘](30)}3 /:’](BC)E + )‘](BC)E 51(30)@

T S— Closure conditions
+ AShaca dCorry (X, Y)
docorrelation of X and ¥ B X, Y statistically independent
@ signal contamination in CRs
negligible

® X, Y uncorrelated to M+

- BCE to maximize the significance
in the signal region

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



lll) Constructing the Training Objective...... &‘(IT

X) (X Y Y
L(0;A) = \)‘](30)}3 /:’](BC)E + )‘](BC)E 51(30)@

s—b discrimination

+ ALY dCorr, (X, Y)

A g

decorrelation of X and Y

+ ASEA) ACorry (X, M) + Aoe™) dCorry (Y, M)

. g

decorrelation of {X,Y'} and M~
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Closure conditions

| X, Y statistically independent

@ signal contamination in CRs
negligible

@ X, Y uncorrelated to Mt

- BCE to maximize the significance
in the signal region
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lll) Constructing the Training Objective....... &‘(IT

X) (X Y Y
L(0;A) = \)‘](30)}3 /:’](BC)E + )‘](BC)E 51(30)@

s—b discrimination

+ ALY dCorr, (X, Y)

g

decorrelation of X and Y

+ ASEA) ACorry (X, M) + Aoe™) dCorry (Y, M)

. g

decorrelation of {X,Y'} and M~

+ ASCED dCorry (X, An) + Are? dCorry (Y, An)

g

VvV

decorrelation of {X,Y} and An
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Closure conditions

| X, Y statistically independent

@ signal contamination in CRs
negligible

@ X, Y uncorrelated to Mt

- BCE to maximize the significance
in the signal region

- decorrelate X, Y against An to

encourage closure in signal and
validation plane
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lll) Constructing the Training Objective........

L(O;\) =

13 January 12, 2026

(X) X) (Y) Y)
\)‘BCE ’C’](BCE + )‘BCE E](SC@
s—b disc;irmination

+ ALY dCorr, (X, Y)

g

decorrelation of X and Y

+ ASEA) ACorry (X, M) + Aoe™) dCorry (Y, M)

. g

decorrelation of {X,Y'} and M~

+ ASCED dCorry (X, An) + Are? dCorry (Y, An)

. g

decorrelation of {X,Y} and An

k
PR AZ
ke{SP,VP}

Vo

7

normalization closure

oYY e

ke{SP,VP} i=1

~
shape-level closure

Jonas Janik — Search for Semi-Visible Jets in CMS Run-2 Scouting Data

AT

Karlsruhe Institute of Technology

Closure conditions

| X, Y statistically independent
@ signal contamination in CRs

negligible

@ X, Y uncorrelated to M+

- BCE to maximize the significance
in the signal region

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

- enhance closure in normalization [1]
and shape (novelty)
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lll) Constructing the Training Objective &‘(IT

Karlsruhe Institute of Technology

'Modified Differential Multiplier Method (MDMM)

- keep BCE sum as primary optimization target
- treat other loss terms as inequality constraints £;(0) < ¢;

0;(0,55) =€ — L;(0) — 57,

- Augmented Lagrangian formulation:

E(&)" s) = £](3)({])E E+Za3( )‘ ;(0, 33)+ - ¢;(0,55) ):
JjeT

- previously fixed loss weights A become trainable multipliers
- update network parameters by gradient descent,
multipliers by dual gradient ascent ‘
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AT

Karlsruhe Institute of Technology

Results

after inference on the test dataset...
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lll) Score Distributions in the Signal Plane (SP) AT

Karlsruhe Institute of Technology

Private work (CMS simulation) 2018 (13 TeV) Private work (CMS simulation) 2018 (13 TeV)
4‘2 _I T I T I T I T I T I T I L I T I L I 1T 2 V:} 4‘2 _I LI I LI I T I LI I T I T I T I T I L I T V:}
c 120 1 Signal ™ ] c - : T
) B gnal (Test) 1 1= o 1051 [ Signal (Test) -~
u>_1 B 1 Background (Test) E R u>_l B 1 Background (Test) E
105 — sIC 1 =% . o0l — sIC =
E | B E L $
E3 Iz - +
8 90F 1 1= = 8 = =
- 2% 75 =
7.5 Z ] J:E g £ | J:E
| . & 6.0 &
6.0 ! ~ ?z S
- 1 45 1
45 O B O
B ] 5 3.0 [ ] 5
3.0 [ g
1‘5 __ u 1.5 :_—I—L\
=|'".—‘- L4 Y - L4l [ =11 L1 1 | | L1l | L1 1 1 0 _I Tt | [ | M E—— ——} 1T : 1 ITf_I'ﬁ'I | L1l | L1 1 1
00 01 02 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 07 08 09 10
DNN 1 score DNN 2 score
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lll) Boundary Optimization AT

Karlsruhe Institute of Technology

® Goal: Find stable working point for ABCD cuts that maximizes sensitivity

® Run grid search (33 x 33 in [0.1, 0.9]?), for each point:
- Build M 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:

Metric Rule

Mean mod. binned Asimov significance <ZE7'4> maximize

SR x? test p-value > 90% and on a local plateau
Absolute fractional non-closure |d¢| < 5%

|Pull| (normalization) < 2.0

Max. normalized signal contamination 7,.x < 0.35

WP bounds X, Y €[0.1,0.9]
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lll) Boundary Optimization — Grid Scan AT

Karlsruhe Institute of Technology

Private work (CMS simulation) 2018 (13 TeV) Private work (CMS simulation) 2018 (13 TeV)
© 09 © 09 . : " o 09
] -~ 8 XS 10 o 5 * —12.00 o
@» 50 Kg @ S 3 ] B
(8] T~ [a\) ;é Il 1 _E
z @ z c z q4'% o
z <l z € z 1 o
a S o . 08 5 a . ] £
S 7F i g - 4 =
0 = 150 2
5 38 1 =
@ S i ..2
8 06 % —: 1.25 g
w0 £ - 1 =
< 0.5k g s 0.5 —1.00 %
8 ®© p=4
c £
= 045 .
20§ e 0.75
3 3
: 0.3 0.50
c - :
0 g Metric Rule Result at WP
= . . . o . . 0.25
Mean mod. binned Asimov significance (Z,Zﬁ‘) maximize 54.1
0 SR x? test p-value > 90% and on a local plateau 96.8% . 0.00
0.1 0.3 0.5 0.7 0.9 N P 0.1 0.3 0.5 0.7 0.9
DNN 1 score Absolute fractional non-closure |6¢| < 5% 0.53% DNN 1 score
|[Pull| (normalization) <2.0 0.0053
Max. normalized signal contamination .y < 0.35 0.259
WP bounds X, Y e[0.1,0.9] (0.775,0.875)
00 Private work (CMS simulation) 2018 (13 TeV) 09 Private work (CMS simulation) 2018 (13 TeV) Private work (CMS simulation) 2018 (13 TeV)
® 0 T T T @ 0 _ 0.9 : . .
S Sﬁf o~ S * 05 g * —1l0 o
o 50 & o < o | S
N Ny %] Q_J %] ©
o ~— V] 5 I i >
z 3 z 2 &
& = g 1o z m 1.3
o7k 1] & 0.7 "5 ek u 117" £
= S 1 -
5 E - - [
4 5 - |
% B 038 —os
0 2 o
c L ]
05F Al < 0.5 051 11
[}
o i
20 0.2 04
03k 1 0.3 0.3k 1
10 0.1 0.2
0 00 P oo ol
0.1 L - L 0.1 - 0.1 L !
0.1 0.3 0.5 0.7 0.9 0.1 0.3 0.5 0.7 0.9 0.1 0.3 0.5 0.7 0.9
DNN 1 score DNN 1 score DNN 1 score
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lll) Boundary Optimization — Applying the Working Point

DNNZ2 Score

<
>

0.4

0.2

0.0 0.2
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Private work (CMS simulation)

2018 (13 TeV)

Signal iso-density contours

0.4 0.6 0.8 1.0
DNN1 Score
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1e-01

Background density

—{1e-02

1e-
V803

107 Pr/vate work (CMS smulatlon)
— T T T T T

7}
2
£ . TeV. p —
¢ [ [SP|RegionA| " T T o on -
o .7 TeV, .
—15TeV Wijets

== my =15TeV, rpy, = 0.7 W Z+jets

Bkg. unc.

2018 (13 TeV)

800 1000 1200 1400 1600 1800 2000
My [GeV]

107 _ Private work (CMS smulatlon) 2018 13 TeV)
— T T T |H|H|‘

- TeV = QCD
SP | Region C| . T T 0 . 1]

= my = 1.5TeV, riyy Wijets
=== my =15TeV, ry, =0.7 W Z+jets
Bkg. unc.

Events

800 1000 1200 1400 1600 1800 2000
M [GeV)

Institute o

AT

Karlsruhe Institute of Technology

. Private work (CMS smulatlon) 2018 (13 TeV)

. — 0.7 TeV. = QCD
SP | Region B| 7 e 20T T, ey 07 mm 1]

vl vl vl

L

800 1000 1200 1400 1600 1800 2000
M [GeV)

o Private work (CMS smulatlon) 2018 (13 TeV)

SP | Region D o

== my =0.7TeV, ry, =03

Events

Bkg. unc.

wl vl vl

800 1000 1200 1400 1600 1800 2000
My [GeV]
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I1l) Validation AT

Karlsruhe Institute of Technology

@ To demonstrate: stable, unbiased background prediction at chosen WP before unblinding
@ Key principles - Validate:

- ABCD closure

- Stability against variations of ABCD boundaries Reminder:

- Robustness to signal contamination

Private work (CMS simulation) 2018 (13 TeV)
10' g g
. ProgreSS from pseudo_data (SP’ VP) to data (VP) g ;I LI | LI | L |—I LI I I 1.\ I | L | L I LI I LI IE
o == gy =0.7TeV, r,, = 0.3 QCD .
Lﬁ = mg =0.7TeV, ry, = 0.7 tt
. 100 == my =15TeV, r,, = 0.3 W+Jets —
£ g —=- gy =15TeV, ry, =07 Z+Jets 3
8 Background uncertainty
107! =
-__HD‘—‘%—-—. — 3]
: "m-»-nﬂ-i-!.‘::u.::r-ﬂ;'m..\_h\q—‘
e G T
5 g T
™y o
I Tk
1077 = N
E SP | vP E
10—4 _I L1l l Ll 1 1 l L1 1 1 I Ll 1 1 I L1 1 1 I llllllll l Ll 1 | l L1l |
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
An(Jo, J1)

(Distributions after applying preselection)
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lll) Validation

AT

Karlsruhe Institute of Technology

@ 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)

_ Private work (CMS simulation)
W71 1 T
- Region B
- nominal

117.1 fb~!, 2018 (13 TeV)
T T
Post-fit ABCD Prediction: 62164.0 + 2622.3
¢ Pseudo-Data: 61636.0 + 248.0
x?/NDF = 0.38

Events

103 - —
P TSI NN NI U NI N RN R R
é 1.4 ? ! l ! ! Predllction unc. (sltat © syst)i
S12F - _ _
L0 f————— — — Derive (per-bin) non-
®) 5 ] . g
~ 08F E closure uncertainties
0.6 E - TR NI TR AT N AR S i| Lo = for Stat. inference
800 1000 1200 1400 1600 1800 2000
My [GeV]
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norm. Events

Reminder:

, Private work (CMS simulation) 2018 (13 TeV)
10 3 L | LI | L | L I L | L | L I LI I LI E
E == gy =0.7TeV, r,, = 0.3 QCD E
- e mz = 0.7 TeV, ry,, = 0.7 tt m
10° |- == my =15TeV, r,, = 0.3 W+Jets —
E === my =15TeV, ry, = 0.7 Z+Jets 3
= Background uncertainty ]
107! =
B P S o et vy g .
j I — |
e S8 T
= B R T .=
[ CP i SL
- - -|-1__‘___|lu. -

) S
107° T
£ SP | VP =

1074 Ll 1 l Ll 1 1 l L1 1 1 I Ll 1 1 I L1 1 1 I L1l 1 J . l Ll 1 | l L1l

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

An(Jo, J1)

(Distributions after applying preselection)
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lll) Validation

AT

Karlsruhe Institute of Technology

@ 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)

_ Private work (CMS simulation) 117.1 fo~!, 2018 (13 TeV)
T T T T T T

n 10°FET T L - | L L L ™3
S | RegionB Post-fit ABCD Prediction: 65046.8 + 2759.7
o [ "ominal +  Pseudo-Data: 64314.0 + 254.0
—_— \2/NDF = 0.52
10 = —_— ]
103 = =
- 1 | 1 | L | L L 1 I 1 L | | I
=+ ET 7 T T T T T T LN L 1 1
o L4 ! l ! Predllction unc. (sltat @ syst)
A 12F —
~ 8 —— ——
210 —
: ' - ]
~ 0.8 = =
()6 :_ L L | L L L | L L L ‘ L L L | L L L | L L L | L L L _:
800 1000 1200 1400 1600 1800 2000
My [GeV]
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norm. Events

Reminder:
, Private work (CMS simulation) 2018 (13 TeV)
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g —= my =15TeV, ripy = 0.7 Z+Jets -
B Background uncertainty
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V) Statistical Inference: Expected Limits AT

Karlsruhe Institute of Technology

rinv = 03

T T T T T

T T T T T T T T T T

—e— Pseudo-data (3D)

--- Median expected (3D, Rt > 0.24) _E

B 68% expected (3D) ]
95% expected (3D)

— Mgark = 20 GeV

--- Median Expected (DDT, Ry > 0.15)

® Performed with CMS Combine
via CLs method
@ Using the profile-likelihood test Fiw = 0.5

T T T L R I

95 % CL upper limit on o x BR [pb]

nN SALEARRIABIRR AR, ]

statistic & the asymptotic e, 102
" [ 3L 95% —
approximation 55 stpactd 30) :
10° -

@ Combined S+B fit across —
regions {A,B,C,D} per bin  tw=07

LI L I T

—_
=

L B
—e— Pseudo-data (3D)

[pb]

95 % CL upper limit on ¢ x BR [pb]

. 101 X - 10°
® Include per-bin non-closure = | o e 0.7 020
systematics for background w — 500600 700500001000 1100 1200 i [G V]
E::;“10] 5
3
X100
& ol b b b b b | L1

700 800 900 1000 1100 1200 1300 1400 1500
M, [GeV]

500 600
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V) Statistical Inference: Expected Limits AT

Karlsruhe Institute of Technology

rinv = 03

RN R N e N NN RN R
—e— Pseudo-data (3D)

10k 1
g --$ Medial expected (3D, Ry > 0.24) ]
N _gs#Texpected (3D) ]
95% expected (3D) E
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% IOJ‘E_ --- Median expected (3D, Ry > 0.24)
/M i W 68% expected (3D) 1
i . Xk 5% expected (30) ]
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I 2
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: . . . g 10k \
. - 5 =)
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‘C\O
L0
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approximation 0050500 100- 200”300 1100 15
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@ Include per-bin non-closure
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~y
t

i3 expected (3077 > 0.24)
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g
—
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@ Signal systematics to be added
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Future Directions

of the ABCD method...
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Rethinking ABCD Automation

'Modified Differential Multiplier Method (MDMM)

| - keep BCE sum as primary optimization target
| - treat other loss terms as inequality constraints £;(0) < ¢,

0;(0,55) = €5 — L;(0) — 57,
| - Augmented Lagrangian formulation:
L(O,X8) = LG + Lo + > a; (*5\.7' 0;(0,55) + 5 6;(6, 8.7')2) ;
JET

- previously fixed loss weights A become trainable multipliers
- update network parameters by gradient descent,
multipliers by dual gradient ascent ‘
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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?

Institute of Experimental Particle Physics (ETP)



Rethinking ABCD Automation

'Modified Differential Multiplier Method (MDMM)

- keep BCE sum as primary optimization target
| - treat other loss terms as inequality constraints £;(60) < ¢;
0;(0,55) = €5 — L;(0) — 57,
| - Augmented Lagrangian formulation:
~ X Y 3 4
L0, s) = 51(3(“,)15 + ‘C](BC)E + Z Qj (*)‘j (0, s5) + %J ?;(0, 3.7‘)2) >
jed

- previously fixed loss weights A become trainable multipliers
- update network parameters by gradient descent,
multipliers by dual gradient ascent ‘
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AT

Karlsruhe Institute of Technology

@ 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?

Replace BCE with with a loss
derived from our analysis
objective! (CLs)

Jonas Janik — Search for Semi-Visible Jets in CMS Run-2 Scouting Data
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Toward an End-to-End optimized binned ABCD... AT

Karlsruhe Institute of Technology

dg via
closure test
. 2 per event 1T, ¢
Umform([(), 1] ) int. Lumi. a-posteriori
asimov (us =0)
DNN 1 mT templates
in A,B,C,D for B : >tB
ABCD ‘ deflne fits profile likelihood
region definition likelihood ratio test statistic —— CLS
via sigmoid gates (us = 1 for num.)
mT templates
DNN 2 inA,B,C,D for s
randomly select
signal hypo.
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Toward an End-to-End optimized binned ABCD... AT

Karlsruhe Institute of Technology

5¢ via
closure test

. 2 per event ™, ¢
Umform([(), 1] ) int. Lumi. IET a-posteriori

asimov (pus =0)

IFT

DNN 1 mT templates

in A,B,C,D for B S+B

ABCD define fits profile likelihood

region definition likelihood ratio test statistic p——yp| C LS
via sigmoid gates (ps = 1 for num.)

mT templates

DNN 2 in A,B,C.D for S

IFT

neos: End-to-End-Optimised Summary Statistics for

High Energy Physics

random|y select Nathan Simpson'! and Lukas Heinrich?
'Lund University

Sig nal hypO. 2Technical University of Munich

E-mail: n.s@cern.ch, lukas.heinrich@cern.ch

Abstract. The advent of deep learning has yielded powerful tools to automatically compute
gradients of computations. This is because training a neural network equates to iteratively
updating its parameters using gradient descent to find the minimum of a loss function. Deep
learning is then a subset of a broader paradigm; a workflow with free parameters that is end-
to-end optimisable, provided one can keep track of the gradients all the way through.

This work introduces neos: an example implementation following this paradigm of a fully
differentiable high-energy physics workflow, capable of optimising a learnable summary statistic
with respect to the expected sensitivity of an analysis. Doing this results in an optimisation
process that is aware of the modelling and treatment of systematic uncertainties.
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Summary e ﬂ(".

Private work (CMS simulation 2018 (13 TeV|

o L0 —— T 1 >
. . . . . o A Z
@ Analysis pipeline established for first 3 2
CMS Scouting search for semi-visible jets g o8 2
Z >
. . a 1e-01 &
] Supervised ML assisted strategy: 0.6 Signaliso-densiy contours 3
LundNet jet tagging & 3D-ABCDisCoTEC JFE00 bounde =
event tagging + ABCD fe-02
. . liny = U.
@ Novel shape-level generalization of the e = 0.3
ABCDisCoTEC approach (suitable for LT W eudodaaed) |
SCOUtIn 10 g --- Median expected (3D, Ry > 0.24) 3 0.0 1e-03
g) - I 68% expected (3D) ] 0.0 0.2 0.4 0.6 DN(I)\'181 Scoréo
. . 3 95% expected (3D) _
@ Vvalidation strategy well-advanced, - — i = GV
--- Median Expected (DDT, Rt > 0.15) 7 S ——

closure-testing on data (validation plane)

5% CL upper limit on ¢ x BR [pb]

soon!

@ Improved sensitivity at low mediator
masses

@ Foundations laid for end-to-end, analysis- 2 mf
aware ABCD methods 500 600 700 800 900 1000 1100 1200 1300 1400 1500

M, [GeV]
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Backup
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AT

SVJ Search Efforts at CMS — An Overview

Mediator Dark Meson
) s-channel s-channel s-channel Decay
V4 Boosted \Scouting (EXO-19-020, arXiv:2112.11125) (V2) 7o/ Pyark — hadrons
Z s-channel 7l pgark — leptons/hadrons
(), t-channel 7t/ pg.nc — hadrons
1.0 2.0 3.0 4.0 5.0

Mediator Mass [TeV]
Scanned model parameters:@ Fiov, (Mdark) ...
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I1) Supervised SVJ Tagging via LundNet

—>

" Feaures

EdgeConv
(in,out) = (128,128)

Fusion

!

EdgeConv
(in,out) = (128,128)

|

v

EdgeConv
(in,out) = (64,64)

v

EdgeConv
(in,out) = (64,64)

v

EdgeConv
(in,out) = (32,32)

v

EdgeConv
(in,out) = (32, 32)
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(384)
Linear

RelLu

Batchnorm

Global average

pooling
(384,384)

—

Fully connected layer
(384,2)

Linear + ReLu + BN + dropout
Linear + RelLu + BN + dropout

Linear + BN

AT

Karlsruhe Institute of Technology

Softmax

Maps output to
the range [0,1]

@ GNN with 6 EdgeConv layers, BCE loss

@ Train on: - leading two AKS8 jets

- mixture of signals (varying m.. and r

) & all backgrounds

® Lund Graph representation: learning differences in jet formation

Institute of Experimental Particle Physics (ETP)



I1) Supervised SVJ Tagging via LundNet ﬂ(“'

Karlsruhe Institute of Technology

CMS Simulation Private Work (13 TeV) CMS Simulation Private Work (13Tev)
2 l 1 1 I I | 1 I l 1 1 1 I | 1 i I 1 l .
- o N - 0.9
E 0.8 _— —_ = | 7 <C
I | 0.3 ':0-6
0o N T T T T T T T T T T T 0.5
i ] 500 600 700 800 900 1000 1100 1200 1300 1400 1500
- . Mz [GeV]
04— —
: - Overall good performance, with AUCs degrading for
= - low m,. and highr,,
: — i =0.3 Mz = 700 :
-= fy=05 Mz = 1100 . . . . '
ol w07 W M 1500 —> This is due to signal jets becoming more QCD-like at
| | | | | | ‘ | | ‘ | | I I I I
L L L L e L low m.. / very invisible at highr,
False Positive Rate
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Ill) 3D-ABCDisCoTEC Method — Input Features (i)
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, Private work (CMS simulation) 2018 (13 TeV)
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Ill) 3D-ABCDisCoTEC Method — Input Features (ii)
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Ill) 3D-ABCDisCoTEC Method — Corr. (Features)
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Ill) 3D-ABCDisCoTEC: Loss details (i) AT
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X Y Y
L(0; ) = )‘](ESC)E E( BCE T )‘}(30)13 E](ESC)E
s—b discrimination

+ Abicq dCorry (X, Y)

docorrelatlon of X and Y

AS?SCZ\J{)T) dCorry (X7 MT) )‘](D}js](\j/[g) dCorr, (Ya MTZ

N
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lll) 3D-ABCDisCoTEC: Loss details (ii

L(O;\) =

B8 January 12, 2026

X X Y Y
Nsos Lhos + Abce Lcs

vV
s—b discrimination

+ Abicq dCorry (X, Y)

dccorrclatlon of X and Y

+ Abico” dCorry (X, My) + A2 qCorr, (Y, M)

g

decorrelation OE,{X,Y} and Mt
+ Abicco dCorry (X, An) + Apic?) dCorry (Y, An)

decorrelation of {X,Y} and An

k
+ Y A

ke{SP,VP}
normalization closure
Nblns

ke{SP,VP} i=1

vV

shape-level closure

Jonas Janik — Search for Semi-Visible Jets in CMS Run-2 Scouting Data

Sample distance correlation losses are implemented by weighted, upward biased V-statistic
estimators evaluated on background events in each minibatch [54]. Let 8 = {i : y; = 0}
denote the background subset in a minibatch, with the number of background events in
the mini-batch nj = |8|, event weights {w;};cs and total background weight in the batch
W, = Y ieg wi. For variables x,y € Rand i, j € B, define the distances

d = x - xj, (5.18)
dj; = lyi —yjl. (5.19)
The weighted row mean &f‘(m , weighted column mean i}j‘lwl , and grand mean d%W) are
then

™ = Z wd, (5.20)

;cfi
x(w] Zw' A (5.21)

JCB
M = — Z wiwd, (5.22)

b ijes

and analogously for d”, defining the doubly centered distance matrices
DY = df —d™ - &™) + &0, (5.23)
Y _ Y _ g¥iw) _ griw) | gr(w)
Djj=djj—d,"" —d ™ +d0M. (5.24)

—2
The weighted V-statistic estimates of the distance covariance dCov,, (X, Y) and distance

. —2
variances dVar,(-) are

—_—2
dCovy(X,Y) = Z wiw; DD, (5.25)
b ijeB
—_—2 2
dVar,(X) = @ > wiw (D,?;) , (5.26)
b i jeB
—_—2 1 2
WVary (V) = > wow, (D};.) , (5.27)
b ijeB

—— b
and the value entering the loss is the distance correlation dCorr (X, Y) € [0,1],

dCov (X, Y)

JVar, (X) aVary (V)

dCorrp(X,Y) = (5.28)

AT
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Ill) 3D-ABCDisCoTEC: Loss details (iii)

X Y Y
L(0; ) = )‘](EEC)E E( BCE T )‘}(30)13 E](EEC)E
s—b discrimination

+ Abicq dCorry (X, Y)

docorrelatlon of X and Y

+ Abico” dCorry (X, My) + A2 qCorr, (Y, M)

g

decorrelation ofv{X,Y} and Mt
+ Abiece dCorry (X, An) + Ao dCorny (Y, An)
decorrelation o?{X,Y} and An
k) b
PR AZ
ke{SP,VP}

Vv
normalization closure

i k. b
Sy e
ke{SP,VP} i=1

~
shape-level closure

g

AT

Karlsruhe Institute of Technology

b b_b b b
D_anC| ¢b |nAz np.i nB,inC,i|
nD+anC nAl Dz+nB1 C,i
",lzx = > Gu(Xi —x) Ge(yo = Y;) wi,

ieB

nh =) Ge(Xi = x0) Ge(Y; = yo) wi,

ieB

= Z GK(xO - Xi) GK(yO - Yl) Wi,
i€eB

= Z G (x0 — Xi) G (Vi — yo) Wi .
i€eB

Gi(u) = o(ku)
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lll) Score Distributions in the Validation Plane (VP)  N{IT
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Private work (CMS simulation) 2018 (13 TeV) Private work (CMS simulation) 2018 (13 TeV)
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lll) ROCs (SP)

2018 (13 TeV)

Private work (CMS simulation)
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© i e ]
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e i i
2 L i
n i i
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L el tt (AUC = 0.742) |
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Private work (CMS simulation) 2018 (13 TeV)
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i) ROCs (VP)
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o

Signal efficiency
o
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Private work (CMS simulation)
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2018 (13 TeV)

Private work (CMS simulation)
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lll) ROC AUCs (SP) AT

Karlsruhe Institute of Technology
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lll) ROC AUCs (VP) AT

Karlsruhe Institute of Technology

Private work (CMS simulation 2018 (13 TeV

nv
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ROC AUC
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Ill) 2D Distributions & DisCo AT
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Ill) 1D Impact Plots

Private work (CMS simulation)

2018 (13 TeV) Private work (CMS simulation) 2018 (13 TeV)
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lIl) Boundary Optimization — FOM Details AT
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Metric Rule
Mean mod. binned Asimov significance (ZE;‘) maximize
SR ? test p-value > 90% and on a local plateau N,
Absolute fractional non-closure |0¢| < 5% < fo’(> — i 7 A
|Pull| (normalization) <20 ¢ N, P ¢k
Max. normalized signal contamination ry,.. < 0.35
WP bounds X,Y €10.1,0.9] N 1/2
bins 2
A _ A
27 =1 2. 20)
| i=1
n
B
og = — —1 S
¢= b b BMC | MRi
B nB - nB ‘ 5
— o Re{A,B,C,D}
|Pull| = 5. =n
2 (#b 2 (,bMC | ki = "Bk, 5
o? (A%) + o2 (nj | Mg
—————————————————————— ‘ RG{A,B,C,D}
1 Ny ~ ‘ (~ b ) b 2 2 1/
~ Sk Ski T 0; (i+0") b2 0% Ski
<Z¢> =N Z | Zh = Ski+bi)l ’ o L] SN
N ~ oki= 2 (sk,i+ l—) n| ——- > |~ = Inf1+
T k=1 \/b + S +[0¢| b | : b7 + (S + bi) Op.i Op,i bi (bi + 0'51.)
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lll) Boundary Optimization — Applying the Working Point

Private work (CMS simulation)
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2018 (13 TeV)

0.8 1.0
DNN1 Score

And similarly for the VP...
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Ill) Expected Background Yields at optimized WP

B 19 January 12, 2026

Process  Plane | Region A Region B  Region C  Region D Total
OCD SP 102541 25086 376254 108167 | 612048
VP 24566 7492 72132 24993 | 129183
q SP 18187 26432 71890 78808 | 195317
VP 2545 4299 5949 7246 20039
) SP 7600 7996 32803 29686 78085
W+jets
VP 956 1425 2420 2876 7677
i SP 2257 2621 5406 9736 20020
Z+jets
VP 359 531 472 1145 2507
Total SP 130585 62135 486353 226397 | 905470
VP 28426 13747 80973 36260 | 159406
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I1l) Validation ST

Karlsruhe Institute of Technology

@ To demonstrate: stable, unbiased background prediction at chosen WP before unblinding
@ Key principles - Validate:

- ABCD closure

- Stability against variations of ABCD boundaries Reminder:

- Robustness to signal contamination
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lll) Signal contamination panels (SP) AT
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Private work (CMS simulation) . 2018 (13 TeV)
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lll) Signal contamination panels (VP) AT
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Private work (CMS simulation) . 2018 (13 TeV)
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lll) Signal significance panels (SP) &‘(IT
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Private work (CMS simulation)
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lll) Signal significance panels (VP)

Private work (CMS simulation) 2018 (13 TeV)
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IV) Statistical Inference: Expected Limits (2D) QAT
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Private work (CMS simulation)

1171 th ' (13 TeV)
——

£0.70

® 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

95 % CL expected upper limit on ¢ x BR [pb]

@ Signal systematics to be added

11w
----- Med. expected limit - |
W Expected limit £1o
Expected limit £20
— Observed limit

I | ! 1 ! | ! I ! | !
600 800 1000 1200 1400
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DM Search Strategies ﬂ(".
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Direct Indirect

XENON Collaboration NASA

Collider

CMS Collaboration
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