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. CMS,
Large Hadron Collider and CMS Experiment

The Large Hadron Collider (LHC) is the largest circular
particle accelerator.

* Located at CERN, Geneva, Switzerland
* 27 km circumference, ~100 m underground
* Colliding protons or heavy ions

The Compact Muon Solenoid (CMS) 1s a general-purpose

-+ conversion

detector at LHC. CERN accelerator complex

e 14000 tons and 15X29 m s o SHIORens
* Cylindrical design with 47 solid angle coverage e

nnnnnnnnnnnnnnnnnnn

About 40M collisions recorded per second
* Trigger system reduces the to ~1kHz

Data processed by data centers worldwide.
» ~20PB data annually

Schematic of CMS détéctor



. CMS
H — Zy Process

* H— Zy — efey/u"uy 1s a rare Higgs decay with SM ey WiZyo oy
BR(H—Zy) = 1.54 X103 !
* All major Higgs production modes are considered ! ! !
* Any deviation from SM prediction can hint for new physics Y t
beyond SM. .
* Higgs imposter, new fields that couple to Higgs, composite
Higgs, etc. Wiz 9 .
 This analysis uses data collected in Run 2 (2016 — 2018) S et ;
and early Run 3 (2022 and 2023) ggs boson production modes
* 10M Higgs bosons produced p P p
* Expect about 15k events
H---- H---- H------
1 w W
Y Y ¥
SM H — Zy Feynman

diagrams
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= CMS
Results from CMS and ATLAS

« CMS Run 2 [1]: signal strength p = 2.4193 CMS Run 2] . 2.4'33
« CMS + ATLAS (Run 2) [2]: p=2.2197
. . ATLAS Run 2 + Run 31 ———— 1.310%
* 1.9 s.d. consistency w/ SM
* ATLAS Run 2 +2022-2024 [3]: n= 1.3i8;§ (305 fb'!) CHIEBERLA R 21w bloe N [ I 2.2
SM
0 1 2 3 4 5
Signal strength u
 Signal strength: observed signal yield/expected signal e
: o 180 ATLAS —
ield © 160E- /s = 13 TeV, 140 fo” ¢ Data 3
y % 133; Lg:}S.GEI'th, 16§fb’1 :g:gzg:+background_§
g 1§0§: |n(1+s:8/|363) welghted sum "~ Backaround E

Main challenges:
* Tiny signal

 Large backgrounds from non-resonant Z with photon 95 f
* Avoid bias in the signal extraction procedure g8 9
‘?15 120 125 130 135 140 145
mz, [GeV]
1] JHEP 05 (2023) 233, [2] Phys.Rev.Lett. 132 (2024) 021803, 2024. .
L] (2023) (2] Phys.Rev.Le (2024) ATLAS weighted post-fit

[3] HIGP-2024-19

plot [3]
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. CMS
Analysis Strategy

* Signal extracted from the distributions of the invariant mass of Higgs
candidates, my,

 Data collected using single and dilepton triggers

138 fb~' (13 TeV) + 62 fb~' (13.6 TeV)

3000

* MC simulated samples are used to study background and signal S R A
2000*."".. . Zsy MC stat. unc.

* Two major non-resonant backgrounds are Z+y and

‘e

Events /1 GeV

* Physics object selection and baseline selection to improve sensitivity

* Events are categorized into various categories based on Higgs

o 9
. b N, P S
production modes L A mi‘j+++++u,+++h++*ﬁ{*ﬁ#
.. . . . . O 0.8} SR
* Boosted Decision Tree (BDT) and kinematic variable selections e
110 120 130 140 150 160G \))70
myy (Ge

* Parametric models are used to fit the m,;, distributions .
v Data vs. MC shape comparison

* A sequence of tests is developed to ensure the parametric models can in one of the ggF categories
describe the shape with minimal bias



. CMS
Event Categorization

 After baseline selection, events are sorted into inclusive & non-overlapping categories

» Use object multiplicity and other basic event features to target all major Higgs production modes

Category name Lepton, jet, and pfr“iss requirements Optimization selections
Ny | Niet | Npmea. | PT [GeV] | my [GeV] | pr(€y)/myy | Ling

geF =2|<1 < 90 Further binned by BDT
VBF =2|>2| =0 Further binned by BDT
ttH leptonic =3|>3] >1

P ~al31 =1 <0.1
VHN, >3 >3 =0 > 30 > 0.3 < 0.15
ttH hadronic = >5 > 1 [85,95]
VH piiss = <1 > 90 > 0.4
Untagged Events passing baseline selection not in another category

(HIG-25-010)
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B
ggF and VBF BDT

» Kinematic variables selection optimized by signal and background separation and
no correlation with my,,

variables and jet variables
* Used as BDT input variables
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.
ggF and VBF Categories

* Divide selected events into 4 categories based on their BDT scores.
* Maximize cut-and-count significance in 120-130 GeV window: Z_. = /2[(Ng + Ng) - In(1 + Ng/Np) — Ng]

e Two major backgrounds: 7+,
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. CMS
Fit Strategy

25

—e— Toy
pdf_bincat_ggf1

20

Events/(1 GeV)

* Parametric binned maximum likelihood fit to my;, distribution in
data (ROOT/RooFit) 15

* For each category, fit over one my;, distribution summing Run

=
[T T T[T T T[T T [TTTT]
L —_—
L ————
—

2+Run 3 and lepton flavors
n . Ll . WL AR ' Sk A 8 A8 A e LILILL JRELJNI
* Thirteen category simultaneous fit § oL | I
gory 5 TN TR
100 110 120 130 140 150 m,,Y(Ge\}?O

Toy data from one category showing
* Background model using discrete profiling method where the fit what S+B fit looks like

can pick a model from a validated envelope
* Discrete profiling method: The best-fit model is selected from a = roveran.

group of functional models, referred to as envelope. A discrete B
parameter, index, is floating for the choice of models.

8518 1

=2InL(r) + ¢

©
w
ety
o

8514 4

8512 4

-1.0 -05 0.0 0.5 1.0 15 2.0 2.5 3.0
r

Discrete profiling (CMS Combine)



https://arxiv.org/pdf/1408.6865
https://arxiv.org/pdf/1408.6865
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/latest/part3/nonstandard/?h=discrete#discrete-profiling

s CMS
Signal Model

* Double-Sided Crystal Ball (DSCB) with symmetric core as the
signal model.

* Model parameters are determined by fits to signal MC samples CMS simulation Preliminary 138 b (13 TeV)
"""""""""" 62 f|b (13.6 Tev)
* MC samples available at my; = 120, 125, and 130 GeV. 5. s Zpsy VBF3 category ;
. 3 Simulation (my = 125 GeV) [ ot = (1.463 + 0.009) GeV J
* Model mean and sigma values at my; = 125.38 GeV are extrapolated 0.7 F— osce-sc sgexpectedevents
from linear fit to results at three mass points. g 06} : E
~ 05 F —
* Model parameters are fixed for final fit, but nuisance parameters S oaf
are floating to account for scale/resolution uncertainties. g 03}
0.2 F 3
 In each category, the signal model is an addition of two DSCB, 01 f
one for each lepton flavor. TN i S ————— e e
. 115 120 125 130 135
* Years and production modes are not separated. Mass (GeV)
* Same model from the 125 GeV simulation for the small resonant Signal model fit to VBF3 MC
background from H—pp+yer muon channel at my, = 125 GeV



.
Background Model

* With the selection, the background in general has a g e sTeveem (36Tey
. . . . 125001
peak below the signal window and a falling region 8 S ey o sy

|- Z+y MC stat. unc.

over the signal window.
* Signal window: 120 — 130 GeV

* The convolution model is defined as

. .'.
75001 * ‘L

F(muey; pa, 0a, 8, 0) = / N(muey — t; pa, 06)O(t; ) f(t; d)dt

E. 1. . I L I M I I
110 120 130 140 150 160 170

where N 1s the Gaussian with u; =0, O 1s the step

function at s and f'is an empirical function. |
« Different families of functions are used
* Asymmetric Gaussian variants - -
* Modify the mean and sigma so that they are my;, o -
dependent o010 120 130 140 150 160 170 m:nnv %% 20 10 0 10 20 30 -tr&}]”v P00 110 120 130 140 150 160 &
O(mug, s) f (maig, @) N(myg, pe = 0,0¢)

Convolution of an empirical
function with a Gaussian

2026/6/26



.
Fit Test Sequence

* To ensure the robustness and reliability of the final fit, background models must go through a
sequence of tests

* Good flexibility and with small fit bias

» A validated final background envelope is created for discrete profiling at the end of the sequence.

~ 5 -~ 8 - 55

el e [ER -

envelope Discrete Discrete
profiling profiling

2026/6/26




. CMS
Spurious Signal Test and Low MC Statistics Challenge

CMS Work in progress 138 b (13 TeV) + 62 b (13,6 TeV)
40—

E —e— MC Sample
E + agg_vbf2_tot

* Use the background-only high statistics simulation to
test whether the S+B fit with a given background model

Events/(1 GeV)
w
a

Ng =-2.46 [ =246

FAIL ‘oo

would bias the signal measurement, giving “spurious “ + e Pt
signal” of- o
* Central produced Drell-Yan MC sample has too low P E— AL ﬂ
. e °‘1-._.,¢¢M +¢¢¢¢ e
StatIStICS. ..::-.o 110;“ +1:0 s 730 Mﬂfm b 5: m, (+Get'+)
* Large fluctuation in S+B fit of Exp1 bkg model over the

high-stat MC of VBF2. This model fails

* We study the physics of Drell-Yan process and generate the test with high spurious signal.

more events with different methods, depending on the

SOUI'CCS - 137.61 fb~! (13 TeV) + 62.32 fb™' (13.6 TeV) - 137.61 fo' (13 TeV) + 62.32 o' (13.6 TeV)
. & 200| CMS Private work B Zey & 200/ CMS Private work - 7y
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. . . (E) 0 , .“ I.‘ .‘"‘- % 12 - * 7 oo e 8,4,
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. : : L IR 8o T
BDT tralnlng and Spurlous Slgnal teSt. ’ 160 110 12‘0 150 140 1é0 160* 0 1(50 110 1é0 11‘?0 140 150 160+
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Original

Extended



.
Final Background Envelopes

* Envelope functions are from data sideband fits.

Scope of background functions restricted by the test sequence.
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.
Analysis Results - ggF and VBF Categories

e S+B from simultaneous fit
e Fit provides good description of the data

-1 -1 . . . .
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N CMS

Analysis Results — Signal Strength and Significance
(HIG-25-010)

Observed signal strength: 4 = 1.107)¢7

Observed (expected) significance: 1.96 (2.306)

Weighted final fit plot over the common range of 13 categories
» Categories weighted by expected S/(S+B) in 120 — 130 GeV window and combined

Channel Compatibility: p-value = 0.75
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I CMS
Summary

* I present the search for H — Zy with Run 2 and 2022 + 2023 data at the CMS experiment.

» Highlights of the analysis:
* Thorough trigger study and refined event selection
* Robust BDT performance and categorization
* A sequence of fit tests with extra care of bias
* New method to extend MC statistics of Drell-Yan process

* With the observed signal strength ¢ = 1.10f8j2% , the result is consistent with the SM within 0.2c.

* Thank you for your attention!
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Event Selection

Object selections

* Photons: pp >15 GeV, |n| <2.5, AR _..(1,y) > 0.3, etc.
* Electrons: p>7 GeV, |n| <2.5, di-electron or single-electron trigger, etc.

* Muons: p>5 GeV, n| <2.4, di-muon or single-muon trigger, etc.
» Jets: p;p >30 GeV, n| <4.7, tight jet ID, etc.

* Baseline selection

CMS

* N,21,N,220rN,>2
. 80 GeV <m; <100 GeV pT(y)/mlly > 15/110, my+ my, >185 GeV
% 17IO'CMS L l_l iy I?_‘13'8_f'b- 13 TeV), 62be (136TeV)§ E ‘% % 17IOfCMS e '-'_‘ - -'_|13‘8fb 3TeV) 62Ifb| (;3;{ev;§ 10 (\%
O, 160—Work in progress Flt : = o o 16OEWork in progress : F' t : = o
£ 1s0p ! a1 4, § ¢ e = I E = 25 < Event selection mainly rejects Z
140 | Region | 13" § | Region i 4% §
ok | i I TN l ' I + FSR y and soft y background
20 S i | 3 8 r20Eeo I i = - &+ Optimized for max background
Ea ol : : E E ER——— : - 3 E . . . . ..
o S~ i I I ~ | e rejection while maintaining
100" v SN ¥ [ R S i mi........ocoone e E .
90;.-.-.-..-.-.--.-...-.5 ..... \-:.. E ..................... ._i —E 10 902— E \\\\ E _z ] background Shape and Slgnal
80F- N q - 80F- E efficiency
C L L L PRI L L -3 E 1 . P TR MV SR ) N 1
7%0 TIO 8:0 9|0 1(=JO 1.‘1;0 120 10 7%0 7|0 80 9|0 100 1‘:0 120 10
m, [GeV] m, [GeV]
Signal MC Background MC
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.
ggF and VBF Categorization Strategy

* ggF: 90% of signal events are in this category.
* VBF: category with highest significance

» Extensive studies gone into studying the separation of these two
categories

* Optimized for highest overall sensitivity and simplicity
* BDTs are used to further divide them into sub-categories

* BDT training strategy:

* Use MC samples (120<m,, <130 GeV) in training:
* Background: Z+y, high statistics Z+fake y samples, VBS Z+y 1stfold  Training set Validation Test set

25% 25% 25% 25%

* Signal: ggF, VBF witrg B = 2ot Valtd
. . ndto est set raining set alidation
e Train Run 2 + early Run 3 (2022+2023) combined - et
* Four-fold training & validation method 3rdfold  Validation Testset Training set
. .o . 0 .. 0 . . N set
?1¥}de MC samples into 3 parts (50% training, 25% validation, 25% 4"fold  Training Validation Testset’ Training
cs 1ng) set set set

* More stable BDT performance and better usage of simulated samples



.
Systematics

* Incorporated by allowing signal model to vary in shape and normalization

* Analysis statistically limited
 Statistical uncertainty +0.49/-0.60
* Overall systematic uncertainty +0.18/-0.07

* Summary of the uncertainty sources:

Uncertainty source Impact on u

Statistical uncertainty +0.50, —0.60
Background shape +0.08, —0.36

Signal systematic uncertainty 0.11
Fixed-order calculations 0.09
Lepton and photon energy scale and resolution 0.04
Photon quality 0.04
PDFs, ag, and My 0.03
Lepton and photon reconstruction, identification, and trigger efficiency 0.02
Luminosity and pileup 0.01
Underlying event and parton shower 0.01
Jet and ps energy, b tagging, simulation statistics < 0.01




ROC Curve Fold 1

1.0
ggF & VBF BDT Optimization
% 0.6
* Input variables selection optimized by S vs B separation power 304 — mncosn
& correlation with mny 202 — ;25; d(::qc;ucz::n

o
pQ
o

0.2 0.4 0.6 0.8 1.0
False Positive Rate (FPR)

* Hyperparameters optimized to minimize overtraining (validation
vs training) and to ensure consistent behavior among folds

* Number of bins optimized by i B

phi 00 0.0 0.0 0.0 00 0.0
photon_mva 0.0 0.0 00 0.0 -0.0 00 -0.0 025
ggF ‘fBF photon_res 0.0 0.0 0.1 00 00 0.0 0.0
2.0 2.0 min dR 0.0 0.0 0.3 00 0.0 00 00 0.0 01
0.00
max_dR 0.0 avomo.o 0.0 0.0 00 01 01 01
1.5 15 . O . on_hmiss_photon_dphi 0.0 0.0 0.1 0.0 0.0 00 0.0 0.0 00 01 01
Y L] L ]
9] . . photon_jet1 dr 0.0 0.0 01 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 025
(@] ¢
N 1.0 1.0 photon_zeppenfeld 0.0 0.0 0.1 0.0 0.0 0.0 0.0 01 02 00 01 00
[ ]
Iphoton_dijet_dphi -0.0 0.0 |04 -0.0 -0.0 0.0 0.0 00 0.1 0.1 0.2 00 00 0.1
050
05 05
Iphoton_dijet balance 0.0 0.0 0.3 00 00 00 00 0.0 00 01 02 0.1 00 01
jleta 0.0 0.0 00 01 01 01 00 00 00 0.0 0.0 0.0 0.0 00 00 0.0
0.0 0.0 z
1 2 3 4 5 6 7 2 3 4 5 jim 0.0 voo.o 0.0 0.0 0.0 00 0.1 0.2 04 01 00 0.1 02 0.3 0.0 0.75
. .
ilpt 0.0 o.oo‘o 0.0 0.0 0.0 00 0.1 o.3m 01 01 0.1 03 0.3 o.om
Num. of bins Num. of bins
Iphoton_refit m 0.0 0.0 00 00 00 00 0.0 00 0.0 00 0.0 0.0 0.0 00 00 0.0 0.0 00 00 b
> 2 > > $ > > 2> >
FEIITIT P LT EFFTTEF TS
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& & & < < o &F L P B U o7
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.
Categorization Output

» ggF & VBF categories have comparable cut and count significance (Zcc)
* VBF highest bin: 70% VBF production

» Associated production enriched in corresponding categories

CMS Simulation Supplementary 138 fo™ (13 TeV) CMS Simulation Supplementary 138 bl (13 TeV) CMS Simulation Supplementary 138 b1 (13 TeV)
Muon and electron channel 62 fbl (13.6 TeV) Muon and electron channel 62 fbl (13.6 TeV) Muon and electron channel 62 fh! (13.6 TeV)
Category Preliminary Production mode Preliminary Production mode Preliminary
ggFl m VBF1 = VHN;>3 m untagged m ggF = W ZHm  stat unc. & ggF = W m ZHm st unc. &
ggF2 m VBF2 = VH pPiss m stat. unc. B VBF ® wt m ttH ™ VBF ® Wt m ttH =
ggF3 = VBF3 ttH leptonic ™ ggFl || l ggF1 R D
ggF4 VBF4 ttH hadronic ggF2
e | ' ggF2
F ggF3 | ggF3
° gor4 | ggF4 |-
g VBF > VBF1 VBF1
£ S VBF2 g VBF2
- =)
c W Q VBF3 o VBF3
S © VBF4 2
= . O < VBF4
S w VHN; =3 O
3 i VHN; =3
o VH pY : VH pmiss
£ zH ttH leptonic | {tH leptoni
ttH hadronic | ttH h:grgg!g
ttH '
untagged ‘ untagged Al
0 0.2 0.4 0.6 0.8 1 0 02 04 06 0.8 1 0.1 1 10 100 1000

Expected event fraction Expected event fraction

Expected number of events
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Z-Line Shape Constraint Fit

* Use maximum likelihood estimation with fit of MC truth m, line shape
* Incorporate FSR photon recovery for muons

138 b (13 TeV) + 62 b (13.6 TeV)
L R B N B B

138 b (13 TeV) + 62 ib" (13.6 TeV)
——T T T

2 cme 205 ama’ ‘ 3
803__ CMS — wiout Z-mass fit | _| 8 i CMS —— wiout Z-mass fit | |
' i 1 I Simulation ]
— | Simulation — Wi Z- 04 imi —— w/ Z-mass fit -
S Preliminary w/ Z-mass fit o 04r Preliminary ]
2 +a- 2 f +y1- ]
50.2, Z—>CC - %0.3__ Z_)uu .
L 2t
AT w |
0.2} ]
0.1 —
0.1~ ]
| I fo0 710 20 130 140350
?00 110 120 130 140 150
Meey hupry

* Improve m,,, resolution ~20% and m,,, resolution ~10%
 Signal resolution: e: 1.4-1.8 GeV pn:1.2-1.5 GeV

* No shift in background my,, shape
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Data Sideband Goodness-of-fit Test

CMS Preliminary 138" (13 TeV) + 620" (13.6 TeV) CMS Preliminary 138 fb' (13 TeV) + 62 b (13.6 TeV) CMS Preliminary 138 fb' (13 TeV) + 62 b (13.6 TeV) CMS Preliminary 138 o' (13 TeV) + 62 b (13.6 TeV)
S E <160 T < = —— Data — E -
> 18 % %22002 —— Bernd %90@0:—
O 6E O 140 (92000 — Bems GPE
< T16F - < 1800 o — 8000+
5 5 51600 EEE’; 70005
€ 12F £ 100 & 1400F - <6000
@ 10 Qi &0 i 1200F- 73 5000F
8F- 1000~ 4000F-
E 80 800E- E
6 E 3000
3 40 600~ E
4 4 400F- 2000~
2f 20 200E- 1000E-
o 1,;: L L 21 = o 1_; 31'02_ H * IT T _“';;; L 1 ! * L L m |
AR ST MRS RS A 5 B sttt R AT TR SR e O ot asittet
& b o 2, B AR AU i ettt
°—60 710 120 730 740 750 760 %160 770 20 740 750 150 °* 1o T30 T30 740 150 160 770 9975 720 30 740 50 760 770
m,,, /(GeV) m;,./[(GeV) 3 m;, /[(GeV) 4 m,,,/(GeV)
i 4 -1
_ CMS Preiiminary 13807 (13 TeV) + 62 b (13.6 TeV) CMS Preliminary 138 b (13 TeV) + 62 b (13.6 TeV) CMS Preliminary 138 " (13 TeV) + 62 o™ (13.6 TeV) CMS Preliminary 138 b (13 TeV) + 62 fb';t(a13,6 Tev)
3 7 = ik S 200F- ' g = En
© s o e & 1s0E- = B
= N = = 160F- g - Eaw
g ° 2 K $ 140F g — B
@ c = = = —
> 4 o E @ 120 — E3E§
w LE 30 aud
3 lo . w 100 F u
= 20 80 E
2 | /ﬁ?"\g:{ L ad B0 E ;_
1 L 10 40F- e ; E
CHL T m owty 10
=2 ' 2 oh 1 L I L N 1 L
5 { t L] 2 L e § i
NIk 2.f 2T BT S 1 ol |
0 N - o
100 110 120 130 140 130 100 110 120 08, 00 1m 120 130 140 150 160 %10 120 170

m;,./[(GeV) mm /(GeV)

VBF1 VBF2 VBEF3 VBF4

 Basic test to ensure the selected background models can fit the data sideband.
* x? binned fit and Kolmogorov—Smirnov (KS) test as criteria.
* Models passing this initial test form an initial envelope to be optimized in the following tests.



. CMS
Spurious Signal Test

* Use the background-only high statistics simulation to test whether
the S+B fit with a given background model would bias the signal
measurement, giving “spurious signal”

e Use the extended DY introduced before. 2

CMS Private work 137.61 10" (13 Tev) + 62.32 fb™! (13.6 TeV)

—e— MC Sample
+ exp1_vbf2_model

Events/ (1)
S
o

KS P-value = 0.11

.HIIIIIH]ITII'

* The spurious signal 1s defined as |7,| = max(0, |[N,| —2A,,c) ;
* N, 1s the signal yield from the fit L I P IS o
* A4,,c1s the error of the signal yield representing the statistical i)
CMS Private work 137.61 o' (13 TeV) + 62.32 o' (13.6 TeV)

uncertainty of the MC sample

—e— MC Sample
exp1_vbf2_tot

Events/ (1)
ey
o

* /AN, 1s also the error of the signal yield but representing the expected
uncertainty of the data ao

TTTTHT IIIIII]I

Ng =-9.53 f,s =3.40

FAIL lene

2= 83.06, P-value = 1.00

* To pass the test, on top of a good fit (y? p-value > 0.05), .

HH]HIIIIHI]

Ratio
~

—o—

- 4

' v ‘
|€s| < 20% % ANS or |€s| < 10% x NexP signal RV N L Y

m,,(GeV)

B-only fit and S+B fit of Exp1 bkg
model over the high-stat MC of VBF2.
Expl fails the test with { = 3.40



I CMS
Fisher Test

* To decide # degrees of freedom (DoF) to use: Fisher test probes
marginal improvement that extra DoFs can bring to the background

functlon. CMS Work in progress 138 fo' (13 TeV) + 62 ™' (13.6 TeV)

 Data sideband negative log-likelihood (NLL) fit of the background S2000
functions from the same family, use the difference between NLL to €%

—e— Data

— Lau2

—— Lau3 (best)

select functions “J1ggg§: — Lo
* Quantity F' follows the y? (k = An) distribution where An is the §§§E
difference of DoF of two models in the same family. P-value of the e Iﬁ*‘*m*****#;WM++-+*++;+I+T++*IH3
teSt 1S: T 110 120 130 140 150 160 170
m,,/(GeV)
p = P(P > Z(NLL(H) — NLL(H + AH)) ‘Xz (ﬁﬂ)) F test in the Laurent series family in ggF3

category. Lau4 has no noticeable improvement
over Lau3, thus being removed.

* If p-value <0.05, the model with the higher DoF is preferred,
otherwise only the lower DoF model is kept in the envelope.



. CMS,
Final Background Envelopes

* Envelope functions are from data sideband fits.

* No spurious signal test for these categories due to lack of statistics.

CMS Preliminary 138 b (13 TeV) + 62 o' (13.6 TeV) CMS Preliminary 138 b (13 TeV) + 62 fb ' (13.6 TeV) CMS Preliminary 138 fo' (13 TeV) + 62 fb ' (13.6 TeV)
% 45 e Data % 18 -o Data % 12:_ -~ Data
g s 45 — Bem2 g :i ’ — Bem2 g o ] — Bem2 (best)
@ . @ — Pow1 @ ~— Pow1
s 3 — Powl (best) 12 _ = B— _
5 50 u MJLMLMM + m o B l Mu l "
2 *| e Y — Lau2 8 Exmg E Exmg
1.5 6 1 T+#T{l T < l w |' I Tl} lll l+ d + 4 ar u {4 u% .
! M‘H_’; ' H]t Tt 4 ll f ll]l H"H{'!';' 21”1/ 1” T, I T T1‘1"1' T 4 :
0.5] 2
_ 3 s _oF . _oFd ol ?"'
§ : : . | \ . s 8 e * %1 5 { + * t FT § 15 m
 ER TR A AR §0;$++*+*;++*++;+++H+++++++++++ ;ﬁ+ i # #WHW +}H d‘ ﬁ
‘FUO 110 120 130 140 150 160 & 100 110 120 130 140 150 160 0 100 120 150 160
m,,(GeV) my,(GeV) my,(GeV)

ttH leptonic VH Nlep >3 ttH hadronic

— -1 . _y
- CMS Preliminary 1381 (13 Tev) = B2 (136 TeW) CMS Preliminary 138 fb (13 TeV) + 62 b (13.6 TeV)
% - Data < 250
® 8 -& Data
e — Bern2 (best
:‘;—; (best) ; 200 — Bemn2
5 — Lau2 -g
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w — Exmg LI>J

R bt wé CEVERT XSV s

Foo 710 40 150 60
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VH pmiss Untagged

1 ..,.e.nM-mgm!al";M ot .—’ *“*;W%ﬁtgm ;“?;*

110 120 130 140 150 160 170
my,(GeV)

Data/B-model
o



.
Analysis Results - VH and ttH Categories

e S+B from simultaneous fit
e Fit provides good description of the data

! + ! imi ! + . L
_ CMS 138 b (13 TeV) + 62 fb™' (13.6 TeV) _ CMS preliminary 138 b (13 TeV) + 62 b (13.6 TeV) CMS Preliminary 138 1™ (13 TeV) + 62 1" (13.6 TeV)
& 18 -8 Data & 18 - Dala S ME
= 16 --- B model Z 6 B model O r -&-Data
2 — S+B model 2 — S+B model c 12— --- B modsl
14 C#te S 14 Otte 2 F
Y C#2a T Ot2e 2 10:—
10 H 10 v N =
8 B < -
a SE-
6] 4 & ; ¥ ' =
“ f 4] e T 4
z Lt MRy O z
= 1 1 L L L = n: 1 1 1 1 1 1
g°r T g t T T
= 0 = 0 g
ML ALK X AN Sl e KK spe t T T )
o 100 110 120 130 140 150 160 o 100 110 120 130 140 150 160 25
m, (GeV) m, (GeV) o

VHN, >3 VH pymss ttH hadronic

L. 1 -1
CMS Preliminary 138157 (13 TeV) + 62 " (13.6 TeV) . EMS Preliminary 138 b7 (13 TeV) + 62 o' (13.6 TeV)
%‘3.5_— E’, F -8 Dala
3 o -@- Data = - - -~ B model
= 3 === B model EZOO — — 5+B model
% E — §+B model § - Otte
@ *°F i Y150 $ Bsze
2 . c
15 100
1f 50:—
3 - B
05 o +
ok g A
1 R
u.:m ||. ||”.|....r|“|\I ..uunuu P H*TT TT+++T|T +++ ? TT?T+ i
- F-20 1=
§ 100 110 120 130 140 150 160 e 1o 1 W(GGV)
W(GEV)

ttH leptonic Untagged (HIG-25-010)
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. CMS
Profile Bias and Signal Injection Test

ggf1 bern3 0Signal Pull
451 h

* In the profile bias test, we generate 1000 background-only toys for wof

Mean -0.1107
Std Dev 1.08

cach model in the envelope and estimate the envelope bias by s pr e
performing a S+B fits on the toys o o S
« Toys fit with the envelope i
* The pull = (N it - Nyig oxp)/Oig i Should form a Gaussian whose mean o
is an estimate of the bias for the envelope 1of-

* To pass the test, all the members of the envelope should have bias .
smaller than 0.2 Pul

* In cases with high bias, a heat map 1s used to determine the functions
responsible for the biased fits

bern3 0.8

0.7

 Signal injection test, in principle, is the same test as the profile bias
test, but where the toys are generating assuming 1 X or 5 X the rort
nominal signal

0.6

0.5

Truth

0.4
expl
0.3
0.2

0.1
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.
Analysis Results Per Category

CMS Preliminary

138 fb~! (Vs =13 TeV), 62 tb~! (Vs = 13.6 TeV) [ Stat. unc. Syst. unc. ke Total unc. ==- SM — Simultaneous fit
' H Stat. Syst.
ggF 1} = 15 55 T8 103
agF 2| ——— 02y NI 0l
ggF 3} —— o1l 1 e
ggF 4} | —— 335 e 6%
VBF 1} ——— 062 3 0
VBF 2} === 04 "o ‘io  of
VBF 3} —— 20 M7 3 0%
VBF 4} 5 = . . 89 44 42 i
VH Niep 2 3} i — | 7278 g 3
VH pisst K — 4 04 137 &E %
ttH leptonic : * 1 1139 1530 168
ttH hadronict I . y 1 22 3% %y 193
Untagged | : I- : 14083 18 %
Simultaneous fit| | | - | | 110 :3% 108 10

-15 -10 -5 0 5 10 15 20
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