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Standard Model (SM):

— Description of
+ Fundamental Particles
+ Particle Interactions

Experimental Methodology:
— Collide protons near the
speed of light

Weltmaschine
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‘ B U T, Beyond the Standard Model Physics
» required to answer open guestions
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THE HIGGS - THE KEY PLAYER

- The Standard Model stands or falls with the Higgs

- The exploration of its properties is a priority in the research program

02.12.24 Dissertationskolloquium | LenaHerrmann | H— 1t

~ 125 GeV
0

" Gl
Higgs

11


https://tikz.net/sm_particles/

THE HIGGS - THE KEY PLAYER

- The Standard Model stands or falls with the Higgs

- The exploration of its properties is a priority in the research program

02.12.24 Dissertationskolloquium | LenaHerrmann | H— 1t

~ 125 GeV
0

" Gl
Higgs

12


https://tikz.net/sm_particles/

THE HIGGS - THE KEY PLAYER

- The Standard Model stands or falls with the Higgs

- The exploration of its properties is a priority in the research program

o\ g

whole
story

02.12.24 Dissertationskolloquium | LenaHerrmann | H— 1t

~ 125 GeV
0

" Gl
Higgs

13


https://tikz.net/sm_particles/

THE HIGGS - THE KEY PLAYER

- The Standard Model stands or falls with the Higgs

- The exploration of its properties is a priority in the research program

story

02.12.24 Dissertationskolloquium | LenaHerrmann | H— 1t

~ 125 GeV
0

"
Higgs

14

€91-810¢-3ANSHALIF1LVY


https://tikz.net/sm_particles/
https://cds.cern.ch/record/2628585?ln=de

Particle Detectors - Kolanoski, Wermes
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THE HIGGS - THE KEY PLAYER

- The Standard Model stands or falls with the Higgs

- The exploration of its properties is a priority in the research program

— Two GENERAL PURPOSE experiments — Higgs measurements and reciprocal cross-checks
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https://www.nature.com/articles/s41586-022-04893-w

THE STANDARD MODEL F‘W

Nature 607, 52-59 (2022)
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COUPLINGS MEASUREMENTS
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Nature 607, 52-59 (2022)
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Relevant factors: cross-section, branching ratio, background contamination, selection efficiency

Ambitious program measuring all accessible combinations

Statistics & analysis strategies essential
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The tTt-Channel

* Best probe for lepton Yukawa-coupling
* High branching ratio of 6.3%
* Especially sensitive to BSM extensions
] * Promising sensitivity in VBF production mode
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SELECTION

Object Counting
Charge product
pr cut
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--> Emphasizes expected physics signatures
--> Reduces complex background
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SELECTION

Object Counting

Charge product

ThadThad

opposite charge

---> Emphasizes expected physics signatures
--> Reduces complex background
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SELECTION

ThadThad ---> Emphasizes expected physics signatures
--> Reduces complex background

Object Counting #e/u=0, # Thaq = 2
Charge product opposite charge

| | o,
pT cut Thad: Pt > 40,30 GeV W q’
ID Thad: RNN medium —
Eimiss EIISS > 20 GeV - q'
b-veto #b-jets=0 W _

Uz
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SELECTION

Object Counting

Charge product

ThadThad
#e/u= OI#ThadZZ

opposite charge

--> Emphasizes expected physics signatures
---> Reduces complex background

pr cut Thad: Pt > 40,30 GeV
ID Thad: RNN medium
s EIsS > 20 GeV ,
b-veto I# b-jets =0 I W
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Two-Track Strategy
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* Background contamination
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STXS: SIMPLIFIED TEMPLATE CROSS-SECTION

L Phase-space regions split by true production modes/kinematics

— reduction of the

oretical uncertainties

— emphasize prospective regions for BSM (high p¥ /m;;)

— facilitate combination of regions
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LHCHWGFiducialAndSTXS
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RECENT FINDINGS FROM THE ATLAS COLLABORATION

ttH

VH
ggF
VBF

Comb.

2022 Analysis: JHEP08(2022)175

STANDARD MODEL
REAFFIRMED

\/

ATLAS H— 1t (s =13 TeV, 139 fb
—Total —Stat.  Theo. W/<29
Tot. (Stat., Syst.)
1.28 1.07 +0.70
:_’ L <_: 1.06 f1_03 (f0.94 t0.53 )
—> - 0.61 050 +0.34
e | 0.98 fo_ss (f0.48 t0.33 )
0.34 0.15 +0.31
are 096 "5 (To1s To0s)
0.20 0.13 +0.
ek 0.90 fo_17 (f0.112 fo.:g )
. 0.93 013 (or 010 )
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 6 7

(0xB)™® / (oxB)™M

Two-Track Strategy

— |nvestigate BSM-sensitive
phase-space

— Improve precision
* Background contamination
* Sources of uncertainty
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PROCESSES
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Events / Bin

Data—Bkg

2024 Analysis: arxiv 2407.16320
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PROCESSES
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Events / Bin

Data—Bkg
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2024 Analysis: arxiv 2407.16320
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PROCESSES

2024 Analysis: arxiv 2407.16320
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PROCESSES

2024 Analysis: arxiv 2407.16320
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FAKE FACTOR METHOD

° What is the
| > contribution

o ° of fakes?
m

Fake Background ...

-
-
\

... is suppressed in genuine T selection
... depends on kinematic variables

... estimation in SR biases measurement
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FAKE FACTOR METHOD

A N\
°
7 > @ What is the
, I ~ > contribution
o o Y of fakes?

Q m‘t‘[ >
: --------------------
X
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FAKE FACTOR METHOD
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- ' 5 . » contribution
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FAKE FACTOR METHOD

A N\
= °
W7 .« ©® What is the
i 2 ' I ﬁ > contribution
3 & ot o |2 of fakes?
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JH B =) s . )
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5 4 =
a o K
% N ° ° Fake Factor - fakes failing T ID = fakes fulfilling T ID
® °
mTT
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FAKE FACTOR METHOD Fake Factor fakes fulfilling TID

fakes failing TID

° N g b
4 J
@ . 0
15 » u
c ? ° 1
55 P * ¢ | (7 WY
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% [ My . .
= -l """~~~ - === > Determine Fake Factor
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FAKE FACTOR METHOD Fake Factor = = re
v my < 70 GeV X

’ : ‘ ) g b
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FAKE FACTOR METHOD Fake Factor fakes fulfilling T ID

fakes failing TID

v my < 70 GeV X
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FAKE FACTOR METHOD Fake Factor fakes fulfilling TID

fakes failing T ID
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FAKE FACTOR METHOD

Dominated by ...
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... genuine Tt

... fakes

v my < 70 GeV X
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Fake Factor

fakes fulfilling T ID
fakes failing T ID

g b
1
V
w
d *y

> Determine Fake Factor
in fake-enriched region

— Capture fake rate
dependencies
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FAKE FACTOR METHOD

Dominated by ...

02.12.24

... genuine Tt

... fakes

v my < 70 GeV X

Fake Factor

m‘[‘[

i ¥
;
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fakes fulfilling T ID
fakes failing T ID

N g b
1

V
d w -y

> Determine Fake Factor
in fake-enriched region

— Capture fake rate
dependencies
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ATL-COM-PHYS-2023-374

FAKE TEMPLATE BUILDING

Cross-sections in STXS

Production
modes
4 POI

350<m;<700

60<m;<120

pr(H)>200 pr(H)>3@®

02.12.24

200<pr(H)<3@

=2jets  m;>350

120<pr(H)<2@®

m;<350

=1 jet
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ATL-COM-PHYS-2023-374

FAKE TEMPLATE BUILDING

Production
modes
4 POI '

Cross-sections in STXS stage 1.2 framework

18 POI

Event categories H— 17
pr(H)>300

pr(H)>300

ttH_ptHgt300
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boost_0_1J

120<pr(H)<200

S aor it r20<pr0 |
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AIM: 18 parameters of interest

— categorize events to match
the phase-space

: [ prao |
200<pr(H)<300 >5(6) jets
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ATL-COM-PHYS-2023-374

FAKE TEMPLATE BUILDING

Production  Cross-sections in STXS stage 1.2 framework 18 POI

modades
v pr(H)>300

AIM: 18 parameters of interest
56 — categorize events to match
>2(1) b-tags ThadThad the phase_space
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60<m;<120
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pr(H)>200 — |ow statistics
— large statistical
uncertainties
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FAKE TEMPLATE COMBINATION

— Individual fake templates affected by large statistical uncertainties

Entries/Bin

Fake Templates High p¥
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Lena Herrmann
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INCLUSIVE REPLACEMENT

— Replace template by combined version scaled to original yield

Individual Fake Templates

'E 15 T T T T { T T T T { T T T T { T T T T
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INCLUSIVE REPLACEMENT

— Replace template by combined version scaled to original yield

Individual Fake Templates
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INCLUSIVE REPLACEMENT

— Replace template by combined version scaled to original yield

Individual Fake Templates
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RECENT FINDINGS FROM THE ATLAS COLLABORATION

2024 Analysis: arxiv 2407.16320

STANDARD MODEL
REAFFIRMED ???

\/

Two-Track Strategy

— Check for validity
— Does the Standard Model
withstand?

02.12.24
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data
- Validation of model crucial — investigate parameter dependencies

£ (7l k) = [ Pois (nlux S,(8) + B,(£,0)) x [ ] (2,16,

iebins J Esys
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data
- Validation of model crucial — investigate parameter dependencies

COUNTING EXPERIMENT
): l—[ Pois (nilﬂxsi(§)+3i(l_‘”§))

iebins
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data

- Validation of model crucial — investigate parameter dependencies

iebins

COUNTING FXPFRIMENT

L agﬂé, 1?) 111 Poisdzuxsi(é’)JrBi(/}’,é’))

- 71 number of events

- u signal strength

02.12.24

—

- O systematic uncertainties - k normalization
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data
- Validation of model crucial — investigate parameter dependencies

adapted from arxiv 2407.16320
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data
- Validation of model crucial — investigate parameter dependencies

adapted from arxiv 2407.16320
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data
- Validation of model crucial — investigate parameter dependencies
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data
- Validation of model crucial — investigate parameter dependencies
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data

- Validation of model crucial — investigate parameter dependencies
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data

- Validation of model crucial — investigate parameter dependencies
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data

- Validation of model crucial — investigate parameter dependencies
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- k normalization

- u signal strength
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data

- Validation of model crucial — investigate parameter dependencies
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data

- Validation of model crucial — investigate parameter dependencies

COUNTING EXPERIMENT
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- Post-Fit 7 Uncertainty B

— Fit finds set of parameters (u k) that maximize likelihood
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GROUPED IMPACT

— Systematic uncertainties categorized in groups

02.12.24

Theory Uncertainty on signal & background

POI

MCStat

SigTheog
JETMET

TopTheory
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GROUPED IMPACT

— Systematic uncertainties categorized in groups POI
* Theory Uncertainty on signal & background

* Experimental uncertainties

JETMET
TopTheory
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GROUPED IMPACT

— Systematic uncertainties categorized in groups POI
* Theory Uncertainty on signal & background
* Experimental uncertainties

MCStat

e Statistical uncertainty on Monte-Carlo Sample
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GROUPED IMPACT

— Systematic uncertainties categorized in groups
* Theory Uncertainty on signal & background
* Experimental uncertainties

* Statistical uncertainty on Monte-Carlo Sample

- Share of uncertainty group to total uncertainty

impact = /(Au)2—(Au')?
i 4

Uncertainty ... | ... on Parameter ... excluding a
of Interest given group

POI mjj_350700_ptH_0_200

BTag

Lumi
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GROUPED IMPACT

— Systematic uncertainties categorized in groups
* Theory Uncertainty on signal & background
* Experimental uncertainties

* Statistical uncertainty on Monte-Carlo Sample

- Share of uncertainty group to total uncertainty

impact = /(Au)?—(Ap')?
4 4

Uncertainty ... | ... on Parameter ... excluding a
of Interest given group

JBR—
-V-'qq':

>2 jets

350<m;<700

[ EW agH 350<m; <700 priry<200 |
e

POI

mijj_350700_ptH_0_200
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GROUPED IMPACT

— Systematic uncertainties categorized in groups POI mjj_350700_ptH_0_200

* Theory Uncertainty on signal & background
* Experimental uncertainties
e Statistical uncertainty on Monte-Carlo Sample L _ M_C_St_at_ _ _?
: : SigTheory .
- Share of uncertainty group to total uncertainty @~ - -S2--_ - o= -
y group y " JETMET | 0.147
impact = /(Au)2—(Au')?
P i
Uncertainty ... | ... on Parameter ... excluding a
of Interest given group

— Dominant Contribution:

Statistical uncertainty on MC Sample
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GROUPED IMPACT

— Systematic uncertainties categorized in groups POI mjj_350700_ptH_0_200
* Theory Uncertainty on signal & background Fake TemplateppReference Combined+
* Experimental uncertainties
e Statistical uncertainty on Monte-Carlo Sample L _ M_C_St_at_ _ NS 0151
: : SigTheory . .
- Share of uncertainty group to total uncertainty @~ - -S- - _ - - o
y group y JETMET 0.147 | 0.148
: — 2 _ N2 , - : :
Impact = \/(Ali) (Ap) ... With original ... With combined
4 4 fake template fake template
Uncertainty ... ... on Parameter ... excluding a £ 15 oo v et ] £ 19 T ]
of Interest given group g | o ] 3 R
5o ] 5 ]
— Dominant Contribution: [ i
Statistical uncertainty on MC Sample T ] T, ]
o m***“** ] R
0 50 100 150 200 0 50 100 150 200
mMC [GeV] mY™C [GeV]
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GROUPED IMPACT

— Systematic uncertainties categorized in groups POI mjj_350700_ptH_0_200
«  Theory Uncertainty on signal & background Fake Template | Reference | Combined

* Experimental uncertainties

e Statistical uncertainty on Monte-Carlo Sample L _ M_C_St_at_ _ 0.335 I
- Share of uncertainty group to total uncertainty
impact = /(Au)?—(Ap')?
i 4
Uncertainty ... | ... on Parameter ... excluding a
of Interest given group FT T _15al_(e ______ 6 66_ - T 6 10_5_ -

— Dominant Contribution:

Statistical uncertainty on MC Sample

— Fake Templates Combination reduce impact of
MC Stat
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GROUPED IMPACT

— Systematic uncertainties categorized in groups POI mjj_350700_ptH_0_200
«  Theory Uncertainty on signal & background Fake Template | Reference | Combined

* Experimental uncertainties

e Statistical uncertainty on Monte-Carlo Sample | _ _ 272

- Share of uncertainty group to total uncertainty

impact = /(Au)2—(Au')?
P i

Uncertainty ... | ... on Parameter ... excluding a
of Interest given group

Fake | 0.06 0.105 |

— Dominant Contribution:

Statistical uncertainty on MC Sample

— Fake Templates Combination reduce impact of
MC Stat + increases impact of Fake systematics
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GROUPED IMPACT

— Systematic uncertainties categorized in groups POI mjj_350700_ptH_0_200
* Theory Uncertainty on signal & background Fake Template | Reference | Combined
«  Experimental uncertainties Full Syst 0.535 0.513 I
e Statistical uncertainty on Monte-Carlo Sample L _ M_C_St_at_ _ I _0:376_ ol 9‘?3_5_ _

- Share of uncertainty group to total uncertainty

impact = /(Au)?—(Ap')?
P

Uncertainty ... | ... on Parameter ... excluding a
of Interest

given group Fake 0.06 0.105

— Dominant Contribution:

Statistical uncertainty on MC Sample

— Fake Templates Combination reduce impact of
MC Stat + increases impact of Fake systematics I — Positive Impact of Combined Fake Templates! I
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RECENT FINDINGS FROM THE ATLAS COLLABORATION

2024 Analysis: arxiv 2407.16320

STANDARD MODEL
REAFFIRMED ???

\/

Two-Track Strategy

— |nvestigate BSM-sensitive
phase-space
— |Improve precision

* Background contamination
/| Sources of uncertainty

02.12.24
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STXS MEASUREMENT

02.12.24

gg—H, 1-jet, 120 < p: <200 GeV

gg—H, = 1-jet, 60 = p:' <120 GeV

gg—H, = 2-jet, m, < 350,120 = p;‘ <200 GeV

9g—H, = 24et, m =350 GeV, p:' <200 GeV

gg—H, 200 < p! <300 GeV

gg—H, p: =300 GeV

qq'—Hqq', = 2-jet, 60 < mﬂ <120 GeV

aq'—~Hag, = 2-jet, 350 s m <700 GeV, P <200 GeV
aq'—~Hag, = 2-jet, 700 s m <1000 GeV, Pl <200 GeV
qq'—Hqq', = 2-jet, 1000 < m <1500 GeV, p: <200 GeV
qq'—Hqq', = 2-jet, m =1500 GeV, p: <200 GeV
qq'—Hqq', = 2-jet, 350 < mﬂ <700 GeV, p: =200 GeV
aq'—~Hag, = 2-jet, 700 s m <1000 GeV, P! =200 GeV
9q'~Hag’, = 2-jet, 1000 < m <1500 GeV, p: =200 GeV
qg'—Hqq', = 2-jet, m =1500 GeV, p: >200 GeV

ttH, p!' < 200 GeV

ttH, 200 < p: <300 GeV

tiH, pl' = 300 GeV
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STXS MEASUREMENT

— Remarkable precision in high p?/mjj
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STXS MEASUREMENT

— Remarkable precision in high p?/mjj
— Relative precision (u = 1):
35% —300%
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STXS MEASUREMENT

— Remarkable precision in high p¥/mjj
— Relative precision (u = 1):
35% —300%
— Observations of strong pulls
Extreme cases up to 30
-0,

pull = A—0
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STXS MEASUREMENT

— Remarkable precision in high p¥/mjj
— Relative precision (u = 1):

35% — 300%

— Observations of strong pulls
Extreme cases up to 30

02.12.24

pull =

-0,
Ab

BUT: measurements strongly correlated

— Relative movement understood and
validated in dedicated studies

Statistical Fluctuation

H—tt V{s=13TeV, 140 fb”
p-value = 6%

ATLAS

=Tot. @Syst. :\Theory

H388

Tot. (Stat. Syst.)
: 0.61 0.38  +0.49
gg—H, 1-jet, 120 < p: <200 GeV [ 0.35 to.s1 ( to,37 to.43 )
0.89 052 4072
gg—H, = 1-jet, 60 = p: <120 GeV =i 0.50 io_sg ( to,sz jo,72 )
0.75 0.49  +0.57
gg—H, = 2-jet, m, < 350,120 < p? <200 GeV [ 0.53 io_74 ( to_43 to_5e )
3.09 166 +2.61
gg—H, = 2-et, m =350 GeV, p!' <200 GeV P, 5.09 0 (e Der)
Ll
+0.39 +0.28 +0.27
gg—H, 200 =< p: <300 GeV - 0.99 )36 ( -0.28  -0.22 )
+0.59 +0.44  +0.39
gg—-H, ! = 300 GeV Ho 151 Y050 (o4 lo2s )
. +0.68 +0.57  +0.38
qq'—Hqq', = 2-jet, 60 = m, < 120 GeV e 0.94 ~0.65 ( 055 -0.36 )
117 0.83  +0.81
ag'~Hag, = 24et, 350 < m. <700 GeV, pl! <200 Gev = -0.96 131 (omr qos )
) " 0.24 *07° +0.63  +0.49
qq'—Hqq', = 2-jet, 700 < m_” <1000 GeV, p; < 200 GeV | - -v. ~0.89 ( 060 -0.65 )
) ) . " 1.68 +0.61 +0.50 +0.35
99'~Hqg’, = 2-jet, 1000 < m <1500 GeV, p_ < 200 GeV e . -0.55 ( 047 -0.29 )
) ; X H 0.12 +0.34 +0.30 +0.16
qq'—Hqq', = 2-jet, m_= 1500 GeV, p, < 200 GeV [=] . _0.33 ( 027 -0.18 )
L}
dq—~Hqq', = 2-jet, 350 = m <700 GeV, p' = 200 GeV e 196 Joar (loss oo
1}
) H +0.73 +0.67  +0.28
qa'—>Had, = 24et, 700 = m, <1000 GeV, p! = 200 GeV [P 0.98 “o5s (os0 o2z )
) " 1.40 *058 40.52  +0.20
qq'—Hqq', = 2-jet, 1000 = miJ <1500 GeV, p, = 200 GeV (7] - -0.50 ( -0.47 -0.18 )
. " 1.29 +0.39 +0.35 +0.18
qq'—Hqq', = 2-jet, m = 1500 GeV, p, = 200 GeV pes) . -0.34 ( 032 -0.13 )
i
L +1.8 +1.5 +0.8
ttH, p: <200 GeV —— 21 -15 ( -13 -0.8 )
+1.3 1.1 +0.6
tH, 200 < p <300 GeV | et 22 47 (Ls  los )
2.9 2.6 1.3
ttH, p* = 300 GeV 36 55 (57 I )
T 11 | I | I I | I T - I | I T | I 11 1 1 I 1
0 5 10 15 20
(oxB)™%/(oxB)™
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STXS MEASUREMENT

— Remarkable precision in high p¥/mjj
— Relative precision (u = 1):
35% —300%
— Observations of strong pulls
Extreme cases up to 30
-0,
A6

BUT: measurements strongly correlated

pull =

— Relative movement understood and
validated in dedicated studies

Statistical Fluctuation

— Compatibility with SM: p-value 6%

gg—H, 1-jet, 120 < p: <200 GeV

gg—H, = 1-jet, 60 = p:' <120 GeV

gg—H, = 2-jet, m, < 350,120 = p;‘ <200 GeV

9g—H, = 24et, m =350 GeV, p: <200 GeV

gg—H, 200 < p! <300 GeV

gg—H, p: =300 GeV

qq'—Hqq', = 2-jet, 60 < mﬂ <120 GeV

aq'—~Hag, = 2-jet, 350 s m <700 GeV, P <200 GeV
aq'—~Hag, = 2-jet, 700 s m <1000 GeV, Pl <200 GeV
qq'—Hqq', = 2-jet, 1000 < m <1500 GeV, p: <200 GeV
qq'—Hqq', = 2-jet, m =1500 GeV, p: <200 GeV
qq'—Hqq', = 2-jet, 350 < mu <700 GeV, p: =200 GeV
aq'—~Hag, = 2-jet, 700 s m <1000 GeV, P! =200 GeV
9q'~Hag’, = 2-jet, 1000 < m <1500 GeV, p: =200 GeV
qg'—Hqq', = 2-jet, m =1500 GeV, p: >200 GeV

ttH, p!' < 200 GeV

ttH, 200 < p: <300 GeV

tiH, pl' = 300 GeV
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i L1 oz 'l_ - KoM PAVA 1",\&1
=Tot. @Syst. \Theory p-value = 6%
T TSN
035 ‘081 (o3 od)
- 050 “0ae (0% To7e)
., 053 7. (o )
g 509 B0 (e Be)
& 0.99 53 (0% %)
{m, 151 0% (0% ‘oa)
e 094 “0ee (0% Tose)
g -0.96 11 (08 )
= -0.24 050 (foee foe)
= 168 55 (0% 0%
& 012 % (9% %)
- A6 05 (0 )
. 098 0% (‘o5 o)
e, 140 0% (0% 0%
b 129 0% (9% 0%)
: 21 9% (9% %8
—y 22 9% (Gh %)
+2.9 +2.6 +1.3
| |'T.T|| 1 |3|'6| |72.|3| |(7|2.1| |7|0.9| )I L
0 5 10 15 20
(o‘xB)meaS/(OXB)SM
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STXS MEASUREMENT

— Remarkable precision in high p?/mjj
— Relative precision (u = 1):
35% —300%
— Observations of strong pulls
Extreme cases up to 30
-0,
A6

BUT: measurements strongly correlated

6 x less
SM-LIKE

pull =

— Relative movement understood and
validated in dedicated studies

Statistical Fluctuation

— Compatibility with SM: p-value 6%
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RECENT FINDINGS FROM THE ATLAS COLLABORATION

2024 Analysis: arxiv 2407.16320

STANDARD MODEL
REAFFIRMED ???

\/

Two-Track Strategy

v

Investigate BSM-sensitive
phase-space
— |Improve precision

Background contamination

v

Sources of uncertainty

02.12.24
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RECENT FINDINGS FROM THE ATLAS COLLABORATION

2024 Analysis: arxiv 2407.16320

. STANDARD MODEL
ATLAS H-tt (s=13TeV, 140 fb"
~Tot. JSyst. " Theory p-value =S 99% ’ REAFFIRMED

Tot. (Stat. Syst.)

. +0.32 +0. .28
ggF |-§-| 0.94 o5 (—glg ﬁ.az) \/

+0.63 +0.53 +0.35
VH I—O'j—l 091 560 (o5t -033)

Two-Track Strategy
v/| Investigate BSM-sensitive

+0.17 +0.12 +0.12
0.93 -0.15 (—0.11 -0.10 )

VBF

. +1.01 +0.87 +0.52
| e O am (o aw) phase-space
Compined | W 09 ;33;' I‘Fgfg% | ;*2;;)‘;')' | — Improve precision
0 1 2 3 4 5 6 e Background contamination
(0xB)™**/(0xB)>" +| Sources of uncertainty
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RECENT FINDINGS FROM THE ATLAS COLLABORATION

ggF
VH
VBF
ttH

Combined

2024 Analysis: arxiv 2407.16320

LI B L B BRI N
ATLAS H—tt

S

T T T T I T T T T
=13TeV, 140 fb

STANDARD MODEL
REAFFIRMED

\/

Two-Track Strategy

v

(O_x B)meas ( Ox B)SM

~Tot. JSyst. " Theory p-value =99%

Tot. (Stat. Syst.)

ot 094 03 (5% o)

—o—i| 0.91 geo (loar oss)

~ 093 e (51 i)

— 077 G (Toh 0%)
o o 083 41 (5% ol |

I

Investigate BSM-sensitive
phase-space

Improve precision
*  Background contamination

| Sources of uncertainty

02.12.24
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DECAY-MODE DEPENDENT BACKGROUND COMPOSITION

Composition of background not
constant across full phase-space

B Zrr
O Fakes
O others
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DECAY-MODE DEPENDENT BACKGROUND COMPOSITION

Composition of background not
constant across full phase-space

B Zrr
O Fakes
O others

Fake contribution increases
with number of neutral pions

BZ-rr

3p0n 3pxn [J Fakes
[ others
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DECAY-MODE DEPENDENT BACKGROUND COMPOSITION

Incorporate the dependency in the
Fake estimation

Fake contribution increases
with number of neutral pions

* More-detailed description

* lIdentify signal regions with good signal to
background ration
-> Prospect to loosen 7-ID working point

T
T

1pOn

1p0On

3.3%

1pln

1pXn

3p0n

BZ-rr

3p0n 3an ] Fakes
[ others

3pXn

02.12.24
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DECAY-MODE DEPENDENT FAKE ESTIMATION IN NEWLY DEFINED

SIGNAL REGIONS

CONVENTIONAL

Decay-mode dependent Fake Factors

determined and validated

v

AR ISR
[
S
[
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o
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g X »n
g ® o
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DECAY-MODE DEPENDENT FAKE ESTIMATION IN NEWLY DEFINED
SIGNAL REGIONS

Decay-mode dependent Fake Factors

v determined and validated

DECAY-MODE DEPENDENT

1p1p, vbf, high_deta 1p1p, vbf, high_deta

> T T ‘ T T ‘ T T ‘ T T T ‘ T ™4 > N T T ‘ T T ‘ T T ‘ T T T ‘ T
() - - Data [ ] Fake Hl VV [} L - Data [ ] Fake Hl VV
S L L=1391b" M Signal [ Z—Il MR tV, 4t, 3t | (O] L=139 0" M Signal [ Z—II I tV, 4t,
[Te) M H-WWE W — Signal(x10) [Te) r N H-ww il — Sign:
< 60 B Zove ETop 7 Stat. ~ = = Top 7 Stat.
2 r 2
c L c
[ [
(TR i

40 =

20 —

o] o

Q Q

a a

= = 0. Znal NN AN AN
g £ 0 20 40 60 0 100
e subleading P, [GeV] e subleading P, [GeV]
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DECAY-MODE DEPENDENT FAKE ESTIMATION IN NEWLY DEFINED
SIGNAL REGIONS

Decay-mode dependent Fake Factors
determined and validated

v

1p1p, vbf, high_deta 1p1p, vbf, high_deta
> T T ‘ T T ‘ T T ‘ T T T ‘ T > T T ‘ T T ‘ T T ‘ T T T ‘ T > r T T ‘ T T ‘ T T |
[} - - Data [ ] Fake Hl VV [} L - Data [ ] Fake Hl VV [} r -+ decay-mode dependent |
S L L=1391b" M Signal [ Z—Il BV, 4,3t | S L=1391b" M Signal [ Z—Il MRV, 4t, & 50 ~+ inclusive .
0 M HSWWE W — Signal(x10) 0 r M HoWwW — Signai(x 0 r 1
< 60— W Z>w [ Top 7St ] < ] [ Top 7 Stat. g C :*: b
2 2 @ 40- =
c L c .0 C 1
g L g E ook ]
W 40— 4w @ 30F Jir =
L 20 -'_ i
20~ B 105 + E
L (\: o b \:+:i:‘:‘:t0=‘=|_._l | 1 1
(7] T T T ‘ T T ‘ T T ‘ T T ‘ T T i
ke 5 22 E
o o € 4 E
o o - R “‘ E
(\“ (\“ 0' L L L ‘ 11 L ‘ 11 \-|-1 L I ‘ L 11 i
T T 20 40 60 80 100
a . [a)] .
subleading P, [GeV] subleading P, [GeV] subleading pT [GeV]

v

| COMPATIBLE |
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DECAY-MODE DEPENDENT FAKE ESTIMATION IN NEWLY DEFINED
SIGNAL REGIONS

.
", Decay-mode dependent Fake Factors r 1p0n | 1pln
determined and validated 1pOn | 3.3% | 14.8%
1pln 16.8%
1pXn 2.8%
3p0n 2.4%
v Low-background signal regions identified 3pXn | |
3p3p, preselection, 3p0n_3p0On 2(1 O3 1p1p, preselection, 1pXn_1p _
2500F 1 eome Crmemw 1 | ® 60 eowa Crscmw
S v REmEL mNasd (S FeY B DSt
5400; B Z->we [ETop 7 Stat | E — B Z»wt [ Top 7 Stat. E
2 300 ER - E
L C L E

200k

.01_‘.(njuu_‘uumuuo’uu'hu\muwo’
L 4

—_
Qoo T TTT

.c' [— T T T T ‘ T T T T ‘ T T \ T _c' 1 T T ]
& +%}% M«W//////////M £ O
=~ 0.5 e e 1 /\ ~0 | [ [ B
£ 0 50 100 150 200 | € o 50 100 150 200
=} o

MMC (mIm) Mass Estimator [GeV] MMC (mIm) Mass Estimator [GeV]
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DECAY-MODE DEPENDENT FAKE ESTIMATION IN NEWLY DEFINED
SIGNAL REGIONS

-
W Decay-mode dependent Fake Factors T 1p0n
determined and validated 1pOn | 3.3%
1pln
1pXn
3p0n
v Low-background signal regions identified 3pXn
ga CTITREIRE ey gl
(O] F L=139f" M Signal []Z—Il BV, 4t,3t (O] L=139fb" M Signal (] Z—Il M1V, 4t, 3t
2 ook BEWER, S0 2 o R Seinio
‘ Promising approach for future setups ‘ - E- E

200k

TO DO: Study interplay of
— fit stability

-U.I_k.(nj\\\\_.'\u\'\)\u\o)uu-h\umuwo’
L 4

—_
Qoo T TTT

'qc; [~ IR S -81 “:

— statistical uncertainties T *%;/% M/W%% S nan
) ] g0 50 100 150 200 & 0 50 100 150 200

- Slgna| purity e MMC (mim) Mass Estimator [GeV] MMC (mim) Mass Estimator [GeV]
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arxiv 2407.16320

T T T I T T T T I T T T T I T T T T I T T T T I T T
ATLAS H-twt {s=13TeV, 140 fb"
CO N C LU S I O N =Tot. @Syst. \Theory p-value = 6%
Tot. (Stat. Syst.)
gg—H, T-et, 120 = p'' < 200 GeV ot 0.35 05 (9% o)
. ) +0.89 +0.52 +0.72
— H - tt: Good agreement with SM at current 99=H. = 41, 60 = py < 120 GeV L 050 om0z 072
level of precision gg—H, = 24et, m, <350, 120 = pl' < 200 GeV = 0.53 1075 (1049 05T
gg—H, = 2-jet, m“ =350 GeV, p: <200 GeV — 5.09 tggg ( jgi fg; )
— STXS cross-section measurements yield 9-H, 200 <5 <300 Gev & 0.09 0 (0= 027
increased level of detail H o2 300 Gev - 151 08 (o 0%
. . o o ) o +0.68 4057  +038
— Fake Background promises precision gain aq->Hag, = 24et, 60 = m, <120 GeV et 0.94 Zoes (loss “os)
aq'—Hag, = 2-et, 350 < m <700 GeV, p¥' <200 GeV — -0.96 73 (o e)
99—Hag' = 24et, 700 < m. <1000 GeV, p' < 200 GeV =4 0.24 050 (o6 oa)
qq'—Hqq', = 2-jet, 1000 < m, < 1500 GeV, p: <200 GeV [T 1.68 igjg,l, ( ig:ig ig:gg )
qaHaq!, = 24et, m, = 1500 GeV, p! <200 GeV . 0.12 9% (9% %)
O UT LO 0 K 9q'—Hag' = 24et, 350 <m, <700 GeV, p! = 200 GeV =y 116 705 (o S
99—Hag' = 24et, 700 < m. <1000 GeV, p = 200 GeV e 0.98 05 (0% om)
. . 9q'—~Had, = 2-et, 1000 <m <1500 GeV’, pl' = 200 GeV e 1.40 0% (9 A
— Increase in statistics: dal-+Hag, = 2jet, m = 1500 eV, = 200 GV i 1.29 ‘0% (w035 4018,
— factor2inRun3 ttH, pf' < 200 GoV ——— 21 9% (0% %)
" _22 +1.3 (+141 +0.6 )
— factor 10 over the HL-LHC era U b e
ttH, pH = 300 GeV ————i 36 553 (L7 Lo )
— Complex analysis strategies continuously refined T P —
p Y g Y 0 5 10 15 20

(UXB)meas (Ox B)SM
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v ATLAS

UNIVERSITAT LIV EXPERIMENT
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THE ANALYSIS: BINNED PROFILE LIKELIHOOD FIT

- Likelihood fit — find parameter set that optimizes modeling of data
- Validation of model crucial — investigate parameter dependencies

L (;i, [i|§, Q) = ]—[ Pois (nil,u xSi(é) +Bi(§j,§) X l_[ c; (a_,-IQJ.) \

iebins J Esys \

Hj a;

- ATLAS performance groups determine auxiliary measurements Gaussian constraint to deviate
from prior knowledge

i.e..L = (140 + 21)fb™1

a— 140
0 —>132
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SELECTION

TlepThad

€Thad HThaa

ThadThad

Preselection
Object counting

pr cut

D,
Isolation,
and eveto

Charge product
Kinematics
b-veto

Elmiss

Leading jet

Angular

Coll. app. x;/x,

#ofe=1,#of u= 1,#0f1’hade-s =0
el : py cut 10 to 27.3 GeV

e/u: Medium
e: FCLoose, u: FCTightTrackOnly

Opposite charge

m > m, - 25GeV
30 < m,,, < 100GeV

# of b-jets =0
wp: DL1r_FixedCutBEff_85

ENiSS 5 20GeV

pr > 40GeV

AR,, <2.0,1An,,| < 15

0.1<x;<1.0,01<x,<1.0

#ofelp=1,#0f 1,4 ;s = 1

elu: pycut2l to27.3GeV,
Thad,vis* PT > 30GeV

e/u: Medium, 7,4 ,;s: RNN Medium
e: FCLoose, u: FCTightTrackOnly
1-prong Thad,vis*
eleBDT e-veto
Opposite charge
my < 70GeV
# of b-jets =0
wp: DL1r_FixedCutBEff_85
EMiSS 5 20GeV

pr > 40GeV

ARl‘rhad,via <25, lA”"’had,ml <15

0.1<x;<14,01<x,<12

#ofelp=0,#0f 7445 =2

Thad,vis: PT > 40,30GeV

sub-leading jet p7 > 30 GeV
m;; > 350GeV, |An;;| >3
n(jo) xn(jp) <0
lepton centrality: visible decay products of the 7 leptons between VBF jets

60GeV < m;; < 120GeV
sub-leading jet p; > 30 GeV

Thad,vis* RNN Medium VBF inclusive
Opposite charge
VH inclusive
# of b-jets =0

wp: DL1r_FixedCutBEff_70 UOL)H = T)04Tnaa

not applied in tt(OL)H — Tj,,4Thaa

#of jets > 6 and # of b-jets > 1
or # of jets > 5 and # of b-jets > 2

EMSS 5 20GeV

pr>70GeV, [n] < 3.2 Boost inclusive

Not VBF inclusive
Not VH inclusive
pr(H) > 100 GeV

0.6 < AR

w25
Thad, vis Thad, vis

<15

|A,,Thnd, vis Thad, vis I

0.1<x<1401<x,<14

02.12.24
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ANALYSIS DESIGN
( Top CR ) ( Ztt CR )

( VH )
oo IIJ S
[ v E
Boosted ) ( Boosted ] -
I ST NF—— o
— ST ZENF —— g
[ 5 5 ]TopNF ————> [ 22J0 ] «<—— ZttNF —— 8
ooste:
o (emi ) >
)« m—— N
—_— ST ZMNF——
x2 (II, Ih) x3 (I, Ih, hh) x3 (I, Ih, hh)
added to CONF note appendix
@ 78 signal regions targeting 18 stage @ 80 control regions to normalize top
1.2 STXS bins and Ztt backgrounds
@ boost: 3x6 @ boost: 3x6 Ztt, 2 x 1 tt
@ VH:3x (1+1) @ VH:3x (1+1) Ztt, 2 X 1 tf
@ VBF: 3 x (8+8) @ VBF: 3 x (8+8) Ztt, 2 x 1 tf
@ ttH:3+3 @ tfH: 1x Ztt, 1 x tf
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ANALYSIS DESIGN

( ) (
VBF
VBF Ztt NF
ptH<200 350< m;;< 700 SR O > ptH<200 350< mjj< 700 SR O
ptH<200 350< m;;< 700 SR 1 <> ptH<200 350< mj;< 700 SR 1

ptH<200 700 < mj;< 1000 SR O > ptH<200 700 < my;< 1000 SR O

ptH<200 700 < m;;< 1000 SR 1 > ptH<200 700 < m;< 1000 SR 1
ptH<200 1000 < m;;< 1500 SR O > ptH<200 1000 < m;;< 1500 SR O E
> ptH<200 1000 < mj;< 1500 SR 1 <« ptH<200 1000 < m;;< 1500 SR 1 [0)
VEBF ptH<200 m;; > 1500 SR O <> ptH<200 m;; > 1500 SR O 0]
Top NF > ptH<200 mj; > 1500 SR 1 > ptH<200 mj; > 1500 SR 1 B
N
ptH>200 350< m;;< 700 SR O o ptH>200 350< m;;< 700 SR 0 N
ptH>200 350< m;;< 700 SR 1 <> ptH>200 350< m;;< 700 SR 1 3

ptH>200 700 < mj;< 1000 SR O <> ptH>200 700 < m;;< 1000 SR O

> ptH>200 700 < my;< 1000 SR 1 > ptH>200 700 < my;< 1000 SR 1

ptH>200 1000 < m;;< 1500 SR O <> ptH>200 1000 < m;;< 1500 SR O

ptH>200 1000 < m;;< 1500 SR 1 > ptH>200 1000 < m;;< 1500 SR 1

ptH>200 m;; > 1500 SR O D ptH>200 m;; > 1500 SR O
x2(l,h) = ptH>200 my > 1500 SR 1 PRIES ptH>200 m; > 1500 SR 1

x3 (II, Ih, hh) x3 (Il, Ih, hh)
added to CONF note appendix

@ 80 control regions to normalize top
and Ztt backgrounds

@ 78 signal regions targeting 18 stage
1.2 STXS bins

@ boost: 3x6 @ boost: 3x 6 Ztt, 2 x 1 tt

@ VH: 3x (1+1) @ VH:3x (1+41) Ztt, 2 X 1 tt
@ VBF: 3 x (8+8) @ VBF: 3 x (8+8) Ztt, 2x 1 tt
@ ttH:3+3 @ tifH: 1 x Ztt, 1 x tt
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ANALYSIS DESIGN

( Top CR ] ( 2t CR )
( ttH )
[ ptH<200 window | -
[ ptH<200 sideband | o
( ttH ) [ 200<ptH<300 window | ( ttH ) 2
Top NF [ 200<ptH<300 sideband | ZLNF S
[ ptH>300 window | g
[ ptH>300 sideband | ~
x1 (hh) x1 (hh) x1 (hh)
added to CONF note appendix
@ 78 signal regions targeting 18 stage @ 80 control regions to normalize top
1.2 STXS bins and Ztt backgrounds
@ boost: 3x6 @ boost: 3x6 Ztt, 2 x 1 tt
@ VH: 3 x (1+1) @ VH: 3 x (1+1) Ztt, 2 X 1 tt
@ VBF: 3 x (8+8) @ VBF: 3 x (8+8) Ztt, 2 x 1 tf
@ ttH: 3+ 3 @ tiH: 1 x Ztt, 1 x tt
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TAGGER

Variable VBF ttH multiclass

- VBF tagger: differentiate ggH andZ — tt ;“TVGIJ};‘"‘ GG hetvsleame o
- VBF 0 enhanced in bkg, VBF 1 in signal Product of 7 of the two leading jets

Sub-leading jet pr
n of the 5 leading jets
Scalar sum of all jets pr
2 2 Scalar sum of all b-tagged jets pt

S 0 S 1 Best W-candidate dijet invariant mass
= Best t-quark-candidate three-jet invariant mass

So+By S1+B;

- Per region choose threshold to maximize

Jet properties

§ A¢ between the two leading jets
§ An between the two leading jets
3 Minimum AR between two jets .
. . 8 Minimum AR between a b-tagged and a T .
- ttH: multiclass BDT with 3 output nodes: B Aol .
. . . - < AR(t, T .
differentiate signal Z — 17, tt i
; & pr) .
- Separate training for low, high pt &  Sub-leading 7 pr .
. . B Leading 7 ®
- Score used to define regions Heand, pr@ID .
g L Missing transverse momentum E}“iss °
" Smallest Ag (1, EMS) .
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/

Z > TT

- Shortcomings in modelling of Z+jets events

— uncertainties folded with uncertainties from tau decay
ATLAS-CONF-2021-044

- Can not study background in SR 10°
. . . . > [T T T T | T T T T I T T T I | T T T T
- Determine normalization for MC from embedded Z — 1l in 8 ATLAS Simiton Pty i ygeq7 1
- Vs=13TeV, 139 fb" e Z > 1T B
i © 15_ T T ]
ContrOI reglons E E goost I:-P\/hI;dF-rwhad)H selection E
- Embedding : *GE: 10 ]
1. SelectZ -1l Wt
L L I 5 . —
2. Unfold effects from lepton reconstruction, isolation, identification C ]
3. Parametrize tau decay from visible pt and total truth pt ot
. T T T T | T T T T I T T T T l T T T T E
4. Scale lepton p accordingly o1 10-5 — EmbeddedZ~Il/Z— 3
. L. . . . "g ’ 1 -----’TJ‘_’*’*_}'_VWM/_‘L%/‘/// o Wﬂd%
5. Consider efficiencies by reweighting ccobgg -+ E
. * 1 1 L 1 I 1 1 1 1 I 1 Il 1 1 l 1 1 L l_-;
6. Apply T SR selection 0 50 100 150 200

ET™* [GeV]
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https://cds.cern.ch/record/2779179/files/ATLAS-CONF-2021-044.pdf

SIGNAL PURITY

VBF 0: background enriched, VBF 1: signal enriched

VBF-like ggH events contribute strongly in VBF 0

02.12.24

Reconstructed Category

ttH, pT = 300, Window

ttH, pT =300, Sideband

ttH, 200 < pT <300, Window

ttH, 200 < p} <300 Sideband

ttH, pT <200, Window

ttH, p <200, Sldeband

VBF_1, m; = 1500, = 200

VBF_0, m = 1500, p'2200

VBF_1, 1000 = m; < 1500, p!' = 200

VBF_0, 1000 = m; < 1500, pL =200

VBF_1, 700 < m; < 1000, p} = 200

VBF_0, 700 =< m; < 1000, pL =200

VBF_1, 350 = m; < 700, p} = 200

VBF_0, 350 < m; < 700, pg =200

VBF_1, m; = 1500, pr<200

VBF_0, m = 1500, pr<200

VBF_1, 1000 = m; < 1500, pt' < 200

VBF_0, 1000 = m < 1500, pf! < 200

VBF_1, 700 = m; < 1000, p} < 200

VBF_0, 700 = m < 1000, pf! < 200

VBF_1, 350 < m; < 700, pf < 200

VBF_0, 350 = m; < 700, pL < 200
VH

VH,O

boost_3, p!f = 300

boost_: 2 200 = py <300
boost_1, 120 = p < 200, N = 2
boost_1, 120 = p¥ < 200, Ny = 1
boost_0, 100 = p! < 120, N = 2

boost_0, 100 = p < 120, N = 1

ets* =1
P! [GeV]: [60, 120]
m; [GeV]: [0, 350]

[0, 350]

ggH + g9 = Z(—

arxiv 2407.16320
ATLAS Simulation
Vs=13TeV, 140 b, H = v
L I I 29 T 77 1 16 1 I I I [ o1
r 9.2
r 27 i
r 3.0 ]
[ 03 1.2 0.3 1.4 0.7 0.7 i
r 2.1 17 0.1 0.4 ]
_ 106 7.9 0.6 0.6 0.7 ]
r 6.2 2.8 0.3 0.6 . ]
r 184 104 1.4 0.6 0.8 ]
r 0.2 11.8 3.5 0.6 4.0 ]
r 0.2 0.2 121 17 0.8 3.1 ]
r 0.2 18.4 2.0 2.1 0.5 ]
r 0.6 0.5 8.3 32 0.8 0.3 ]
[ 03 0.3 3.6 . ]
[ 24 15 0.9 0.8 19.8 0.7 0.3 X ]
[ 02 0.4 0.4 5.5 13.0 . 7
[ 31 18 14 0.7 23.3 0.6 11.1 X 0.2 ]
[ o6 0.6 0.5 11.2 67.5 . 0.1 15 ]
[ 47 3.1 1.1 37 0.2 0.1 0.9 0.2 ]
11 0.6 0.6 1.0 0.1 ]
[ 83 4.2 1.0 0.1 0.6 0.1 ]
[ 34 0.9 8 0.1 0.2 0.5 0.2 7
[ 207 3.2 6 X 0.2 0.2 ]
r 2 A 6.8 2 13 11 0.1 0.1 04 ]
r 0 6 0.9 0.8 0.2 0.2 0.2 5.0 13 0.8 0.8 0.2 0.3 ]
r 4 6 1.2 55 0.9 0.4 0.2 0.5 1 0.5 ]
3 1.4 0.6 1.0 0.7 0.8 1.4 0.1 0.2 ]
8.4 1.1 45 0.6 0.3 0.1 0.5 ]
| 1 1 2 | 06 | 09 06 | 06 08 | | | | | |
1 =2 ) =0 Ta2 : =2 =2 !
[120,200]  [200, 300] [300, =) [0, 2001 0, 200] [200, ) , " 10, 200] (200, 300] [300, =)

350, =) |[60 120], 11350,700] [700,1000][1000,1500][1500,) [350, 700] [700,1000]{1000,1500][1500, )y

qa)H V(- qa)H
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T T T I T UL I T UL I T T T T I UL T I T T
. .
-1
CORRELATIONS strong anti-correlation [
=Tot. @Syst. "Theory p-value = 6%
Tot. (Stat. Syst.)
0.35 0§ 038 4049 )
gg—H, 1-jet, 120 = p" <200 GeV e - Soet (lomr loss
B -
Vs=13 TeV, 140 fb 1l 1 = 1089 [ 1052 4072
—H, 200 < p < 300 GeV I T S —H, = 1-jet, 60 = pH < 120 GeV == 0.50 ‘g ( loso 072 )
99 ! _ g 99 !
gg—H, p’T‘ =300 GeV | 08 < ) ; 5 0.53 075 ( 4049 +0.57 )
gg—=H, 1-jet, 120 < p: <200 GeV | ‘5 gg—H, = 2-jet, m, <350, 120 < p”' < 200 GeV == . ~0.74 048 -0.56
gg—H. = 1-jet, 60 = p' < 120 GeV ] 06 8 ) " 5.00 1300 +1.66  +2.61
gg—H, = 2-jet, m < 350 GeV, 120 = p <200 GeV g 9g9—H, = 2-jet, mli =350 GeV, p; < 200 GeV -2.49 ( -1.64  -1.87 ) '
] i B v -7 e
gg—H, zZ]et m, =350 GeV, p <200 GeV 040 H. 200 < p" < 300 GeV 0.99 ¥ ( > )
| —H, . -0. -028 -022
qg'—Hag" = 2-jet, 60 < m <120 GeV 99 =Pr L 036 1 -0
= — 059 044 4039
qq'—>Hag, = 2-jet, 350 < m <700 GeV, Pl <200 GeV 0.2 gg—H, p" = 300 GeV Fou 151 020 (Toas Toos )
1 T
qq'—Hqq’, = 2-jet, 700 < m, < 1000 GeV, p <200 GeV [0.06 0.010.04 0.050 B 0 . ’ ) 0.94 0% ( 057 4038 )
qq'—-Hqq!, = 2-jet, 1000 = m <1500 GeV, p! <200 GeV [0.03-0.020.02 004 9 050.35 0.05 ] qq'~Hqgq', = 2-jet, 60 <m <120 GeV ==l - _o. _ _
q9'—>Hag’, = 2-jet, m = 1500 GeV, plf <200 GeV [0.04 0.00 0.01 0,050 070,37 0.33 0.05 B 02 ] ; 0.96 117 ( 1083 4081 )
. o = D4-0.080.03-0.03-0.01 B ’ q9'—>Hag’, = 2-jet, 350 < m < 700 GeV, p.’ <200 GeV = 990 431 -081  -1.03
'—Hqd', = 2-jet, 7/ 1000 GeV, p!' = 200 GeV [0.12-0.14-0.00-0.01- .05-0.050.07 0.01-0.13 ~ +0.79 1063 +0.49
qq'>Haq’, = 24et, 700 <m, < eV, Py = CLE 000t 2 0.08 0.0 0 - 0.4 q—>Hqq, = 2-jet, 700 = m <1000 GeV, p’ < 200 GeV = 024 T95 ( loe0 065 )
qq'—Hqq', = 2-jet, 1000 = m, < 1500 GeV, p = 200 GeV 10.11-0.130.02 0.00-¢ @2 0.03 0.02 0.02 0.04 0.09-0.10 i T
. ol & +0.61 +0.50 4035
qq'—=Hqq’, = 2-jet, m =z 1500 GeV, p’ = 200 GeV 0.07-0.120.00 0.00-¢ 01 0.01-0.000.12-0.030.03 0.10-0.02] -0.6 aq—Hag), = 2-jet, 1000 =m < 1500 GeV, p: <200 GeV ol 1.68 055 ( 047 oo )
ttH, pf' <200 GeV f0.00-0.01001-0.024 010,03 0.02 0.02 0.01-0.010.01 0.01 0.00 i 03 030 016
ttH, 200 = p!! <300 GeV [0.04-0.000.00-0.02¢ 010,00 0.01-0.01-0.00 0.01 0.00 0.00-0.00-0.16] -0.8 qq'—-Hag', = 2jet, m = 1500 GeV, p: <200 GeV . 012 T35 (o> ots )
ttH, p: =300 GeV .04 0070.00;0.000.0010.00/0.00/0.01/0.01/0.01/0.06 {0.1§ 1
> > > > > > > > > > > > > > > > - qq—Haq’, = 2-jet, 350 = m < eV, p. =200 GeV = “1-19 _o81 -0.55  -0.59
o 0O O O [0 O 0 0O 0 O 0O 0 0O 0O O O i
S 06O o 6909698999069 9 _ " 0.98 073 (+O.67 +0.23)
§ § § § § § § § § § § § S § § 3 qq'—Hqq', = 2-jet, 700 < m < 1000 GeV, [ 200 GeV [ . _0.63 059 023
vV NV Vv v VVVVNNNNVYVVAN . 1.40 058 4052 +0.20
o e e T e R W e W W qa—+Hqd’, = 24et, 1000 < m, <1500 GeV, pf' = 200 GeV iy 40 Too (D los )
I RS IR OO
o o +0.39 4035  +0.18
§ 5 ] s q 38 3838 § § 338 § =g = q—Hag’, = 24et, m = 1500 GeV, p: =200 GeV 1 129 ‘o3 (lom lo1s )
- O P o o o o o o L3
T R I R883R 881 ] 24 8 Hs 08
Loy N VIR v v ttH, pl' < 200 GeV —_— A 45 (L s
2 . - = N eV Vo
1T ERSeeefecee . 22 M3 (1 w08
2 o ko o YV V2 o5 WV ttH, 200 < p" < 300 GeV =] - -11 -0.8 -0.8
S S L 9o o 21, 9o & T
N R8T RE8 36 ‘29 426  +13
e B o N o N ttH, p! = 300 GeV | p—— - 2s (24 Zos )
& 8T LI T T | 1 l 1 | 1 P
GliesENTLE
leirlginy 0 10 15 20
TEggeiggs (oxB)™/(oxB)
- 1 ]T: - 1 ]T:
o o . o o .
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CONSEQUENCES FOR FUTURE MEASUREMENTS

Signal separation: Fakes:
- Profit from MVA techniques to ensure better - Signal region split in decay-mode dependent
separation (VBF vs ggH) reconstruction

Neural network observable instead of MMC to
differentiate higgs processes Tau reconstruction:
Optimize STXS binning

- End-to-end in particle flow

Z-TT:
Modelling in extreme phase-space not
satisfactory

Can also extract shape from embedding
Binned normalization factors
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DECAY-MODE EFFICIENCY CORRECTION FACTORS

APPROACH: Account for decreasing classification efficiency by correction factors in the fit

2 2 2 2
m(Thad-vis,O) = \/(EO,c + EO,n) - (PxO,c + PxO,n) - (PyO,c + PyO,n) - (PZO,C + PZO,n)

& 300

e

8250

C

(O]

2} 200
150
100

n
o

-
= O D

0.5

Data / Pred.

02.12.24

LI LI I T T 7 ‘ T T 7T | L

-~ Data C.0 Ztt: 3p0On
L=1401b" I Zit: 1pOn M Ztt: 3pXn
I Zit: 1p1n £0 Background
I Ztt: 1pXn 7 Stat.

, +
| _,‘_//jf{/_‘#w_g_/‘fz{/ %//_/z{‘_ﬂ*-/i/W 2 ]

0 0.5 1 1.5 2

leading visible mass [GeV]

— Define new CR

region general additionally
tau_m_vis_CR | pre-selection 30GeV< pT(j;) <40GeV & 60 GeV< MMC(mlm)<95 GeV
tau_m_vis_VAL | pre-selection pT(j;) <40GeV & MMC(mlm)<60 GeV
vbf_new VBF pT(j;) >40GeV or ( pT(j;) < 40GeV & MMC(mlm) >95GeV )
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MATRIX METHOD FOR LEP FAKES

— Applied in leplep channel

€, €, ErEf EfEr €f€f
6,.(1—6,.) Er(l_ef) (I_Ef)er Ef(l_ef)
(1 - Er)Er (1 - er)Ef (1 - Ef)er (1 - Ef)ef

-(l_er)(l_er) (l_er)(l_ef) (1_€f)(1_€r) (l_ef)(l_ef)_ K

- Differentiate real and fake leptons

- Determine efficiencies of real or fake leptons passing tight selection

— Determine number of tight and loose leptons

02.12.24
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FAKE ESTIMATION HADHAD CHANNEL

- Both ts failing loose excluded in n-tuples Application:
- WH+jet CR of the lephad selection includes  * Single-fake — exclusively nm FF
failing loose * Double-fake - ...

- |If both ts fake, need additional FF
1. 7p-ID: Inm, 7,-ID: nl: w = =3 (FFy,,,(70) - FFypp(71))

WCR
NT o N o )
FF. = ( Data "M, genuine 7 megium + 3. 7;-ID: Inm, 7y-ID: Inm: w = =1 (FF},,,,(70) - FFypy (1) + FE,(70) - FFyp(71))
nm . . WCR
(N]gI;Ltla "= IE\I/In(tZI, anuine -r) .
not medium 7

. . WCR
(N Data — N, MC, genuine ‘r) .
FF. — medium 7
Inm WCR

anti— 7 anti— 7
(N Data — N, MC, genuine T)

loose not medium 7

nl Inm m
70 ID

P P_T.T 0_A_P 1._P_A 0 1._A_A
TpT4 =TT + FF T T + FF To 71 — FF'FF T T - (a) 7-ID combinations (b) 7p-ID: Inm,7;-ID: nm (c) 74-ID: Inm,7-ID: nm

- T1s selected in the SR:
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FAKE UNCERTAINTIES

1. Statistical:

Cause: W+jet CR with limited statistics
— Vary FF by 10 of statistical uncertainty originating from CR

2. Parametrization:

Cause: closure of method not guaranteed

— Derive FF for a SS region + determine deviation between data and background as
measure of non-closure (test application strategy)

3. Background composition

Cause: different background composition in SR and CR
— Determine FFs in different fake enriched regions + consider deviations



THE STANDARD MODEL LAGRANGIAN

hot coffee (can be omitted)

.4» antimatter particles

-

mass for interaction particles Higgs self-interactions

interaction particles

mass for matter particles
4k

Phys. Educ. 52 (2017) 034001
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ELECTROWEAK SYMMETRY BREAKING

V(h)
Symmetric:
mw=mz=my =0 Higgs boson 1 1
' ' V(h) =~ =m%h? + \h® + - Ah* + ..
2 4
Broken
symmetry!
polarisation Value of my =0 v .
Higgs field, h mwmz#0 '—:""'

Directly measure Aynn via HH production

Strength of Ayn relative to SM prediction (Anms/ Asm) = Ka

Katharine Leney: [1]
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https://indico.cern.ch/event/1389632/attachments/2865711/5034942/ATLAS_HH_KLeney.pdf

P-VALUE FOR STXS

- Describe compatibility with SM

Test statistic:

D = 2 - |INLL — NLLgy|

NLL_SM — negative log-likelihood value for setting “all POls = 1” Husenedicetsiatistic
E Null othesis
- D follows x2 with #dof — #POI s 1
g i 0 Sdlr d i !
- P-value =1 — CDF LI difeaesy
| ; >
! i 50
i Mfean % Test Statistic;
T

Observed p-value
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https://cds.cern.ch/record/2875522/files/Statistical%20Significance%20-%20ATLAS%20Cheat%20Sheet.pdf

