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Setting the stage: Yukawa couplings in the SM

The Higgs sector of the SM highlights our success with description but lack of understanding

Yukawa terms: LSM - Yijg % ¢ Iﬁj + h.c.

Higgs boson coupling to fermions

proportional to their mass

[arXiv_:ﬂO9.5515vﬂ
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» Yukawa coupling values
span > 5 orders of
magnitude

- this hierarchy i1s not
understood

» Experimentalist:
s It really true?
Measure them!
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https://arxiv.org/pdf/1109.5515v1

Measuring coupling properties

Couplings are not directly observable = need to extract them from observables [rates, distributions, ...]
- requires a theoretical framework (and often assumptions)

x-framework (SM)EFT
» Leading order coupling » Systematic expansion of the SM Lagrangian
modifiers tailored for rates In terms of higher order operators and
/ assoclated Wilson coefficients
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Measuring coupling properties

Couplings are not directly observable = need to extract them from observables [rates, distributions, ...]
- requires a theoretical framework (and often assumptions)

x-framework (SM)EFT
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We are interested in: coupling strength and tensor structure [CP violating effects?] |
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Y 4 ) |
The menu for tOday : Higgs boson couplings to
+ bottom quarks quarks T leptons .
q

Higgs boson branching fractions: 'Nature 607 52 (2022)]
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https://tikz.net/sm_decay_piechart/
https://www.nature.com/articles/s41586-022-04893-w

H->bb/cc: Overview

Hadronic signature at a hadron collider - need additional objects (X) to trigger on and increase the
signal to background ratio

e.g. Vector bosons
high pt jets

VBF jets X —e -

top-quark pairs

ATLAS analyses:

« V(=>leptons)H(=>bb/cc) JHEP 04 (2025) 075]
« ttH(>bb) [EPIC 85 (2025) 210]

« V(=>h

adronic)H(=>bb)
»  boosted H(=>bb) + high

[PRD 105 (2022) 092003]
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= Db-jet or c-jet

> Db-jet or c-jet

»  CP properties from WH(-bb) [ATL-PHYS-PUB-2025-022]

* VBF
* VBF

(

>bb) [EPIC 81 (2021) 537]

(

>bb) + photon [JHEP 03 (2021) 268]

« VBF WH(=>bb) [PRL 133 (2024) 141801]
* H->meson + photon [PLB 786 (2018) 134]

SO probed In

nH->Z7* and

(=yy)+c production [IHEP 02 (2025) 045]
VY [IHEP 05 (2023) 028] |
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092003
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CP properties from WH(- bb) [ATL-PHYS-PUB-2025-022]
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Resolved + Boosted VH, H>bb/cc [Run 2]

» Analysis categorized by charged lepton final state multiplicity
Z(->vv): 0-lepton W(->#v): 1-lepton Z(~>ee/uu): 2-lepton

» Resolved (= 2 R=0.4 jets) H->bb reconstruction at low + intermediate V pr, .
boosted (=1 R=1.0 jet) H->bb reconstruction for prV > 400 GeV ") H

» Resolved reconstruction for H=>cc Flavour

tagging VH,H —» cc

» Pseudo-continuous flavor tagging | ;
scheme used [exclusive b- and c-tagging] c-tagaing “H g\ ctases

» Multiple signal and control regions:

70% WP

b-tagged VH(bb) SR b-tagging

§ c-tight [Loran

S

g cloose NS VH(co) + A RJJ b dsS€ d 75 GeV 150 GeV 250 GeV 400 GeV 600 GeV p7v
[ SRs control

= untagged regions » Boosted Decision Trees to separate the

signal from the plethora of backgrounds

land as a fit discriminant]
Higgs candidate jet 1 07/07/2025
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Resolved + Boosted VH, H->bb/cc [Run 2]
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Resolved + Boosted VH, H>bb/cc [Run 2]

SM compatibility: p-value = 90%
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» Extended granularity/reach
both at low and high pV]
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the SMEFT interpretation of the ATLAS Higgs combination
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Resolved + Boosted VH, H>bb/cc [Run 2]
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- the ratio of kc/Kp can be constrained without
having to make assumptions on K

The Higgs boson couples weaker to charm

quarks than 1t couples to bottom quarks

Brian Moser
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lassuming all k but ks and K¢ are SM-like]

Constraints from direct measurements are

complementary to indirect constraints
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Quo-vadis: HL-LHC prospects for VH, H=>bb/cc

Uncertainty contribution at 3000/fb for:

H->bb o
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Rate measurements with 6-7% seem possible
- can afford many more bins differentially
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Signal strength limit < 2.2 x SM @ 95%
confidence level expected

But: e.g. Improvements in charm tagging

Inclusive p eventually limited by theory unc. will further lower this number

on VH production [currently MiNLO+PS]
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Quo-vadis: HL-LHC prospects for VH, H=>bb/cc

_i 80_ I I ] ] I I I ] I I I ] I I I ] I I I I I I I ] I I I ] I I I_
O 60k ATLAS Ffreliminary Run 2: ]
52 - VH, H — cc projection Measurement (Eur. Phys. J. C 82 (2022) 717)-
Q40+ Vs=14TeV Baseline extrap. (ATL-PHYS-PUB-2021-039) -
@ Legacy Run 2:
_ fa CtO r 3 "é‘ 50l ® Measurement (arXivi2410.19611)
: f ——— Lumi. scali
Improvement g .
o 10 % —
- \
oI O[T
S @l So
S S
B Af T
S T ———
o
T il T
N
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
1O 500 1000 1500 2000 2500 3000

Caution with projections: Reana

Integrated luminosity [fb™]

ysis of Run 2 wit

to adc

For example, with the latest GN2
at 3000 b

Brian Moser

Ing 1000 tb1 to the data set!

tagger we expect a significance of 1.2o for the VH, H->cc signal
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H->7t: Overview

leptonic tau decay

Both 7 leptons decay ';raorrgnezb/?(ilf{g{?und' e.g.

65% 190, nas typically

......................... T|epT|ep the best sensitivity
- 42%
ThadThad
Iy
46%
TlepThad

BR(H — 77) = 6%

hadronic tau decay
[Frank Sauerburger]

ATLAS analyses:
» CP properties in VBF H-=> 77 [arxiv:250619395]

- H-77 cross-sections and couplings (mostly VBF, but also ggF, VH and ttH) [IHEP 03 (2025) 010]

. V(->leptons) H-> 77 [PLB 855 (2024) 138817]

« CP properties in VBF and ggF H- 7t [Eur. Phys. ]. C 83 (2023) 563]
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https://cds.cern.ch/record/2777955/files/ATL-PHYS-SLIDE-2021-383.pdf

H->7t: Overview

leptonic tau decay

Both 7 leptons decay _arge background, e.g.

’ | from Z/y*—> PP
b - 3 analysis channels > VBF production
' 65% 190, nas typically
......................... T|epT|ep the best sensitivity

- 42%
ThadThad
I
46%
TlepThad

BR(H — 77) = 6%
hadronic tau decay

[Frank Sauerburger]

ATLAS analyses:
» CP properties in VBF H-=> 77 [arxiv:250619395] talk by Marina Kholodenko on Thursday

»  H-7r cross-sections and couplings (mostly VBF, but also ggF VH and ttH) [IHEP 03 (2025) 010]

. V(->leptons) H-> 77 [PLB 855 (2024) 138817]

« CP properties in VBF and ggF H- 7t [Eur. Phys. ]. C 83 (2023) 563]
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Measurements of H>t1rt

> Measurement targeting ggF, VH, VBF
and ttH production in all 3 decay modes
- VBF channel contributes most to the
Inclusive rate measurement

T [ T T T T T T T T [ T T T T [ T T T T [ T T T T [ T T T T
ATLAS H—tt Vs=13 TeV 1451b"
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Differential measurement in STXS bins
| as unfolded differential cross-sections
ous kinematic variables

das We

In vari
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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

gg—H, = 2-jet, m =350 GeV, p: < 200 GeV

gg—H, 200 < p? < 300 GeV

gg—H, p? = 300 GeV

gq'—Hqqg', = 2-jet, 60 < mjj <120 GeV

qq'—Hqq', = 2-jet, 350 < m <700 GeV, p$ <200 GeV
qq'—Hqqg', = 2-jet, 700 < m <1000 GeV, p$ <200 GeV
qq'—Hqq', = 2-jet, 1000 < m <1500 GeV, p$ <200 GeV
dq'=>Haq', = 2-jet, m = 1500 GeV, p$ <200 GeV
qq'—Hqq', = 2-jet, 350 =< m < 700 GeV, p$ > 200 GeV
qq'—Hqq', = 2-jet, 700 =< m <1000 GeV, p$ = 200 GeV
qq'—Hqq', = 2-jet, 1000 < m <1500 GeV, p$ = 200 GeV
qq'—Hqq', = 2-jet, m = 1500 GeV, p? = 200 GeV

ttH, p: <200 GeV

ttH, 200 < p: < 300 GeV

ttH, p: > 300 GeV

Higgs boson coupling propertiesto b, cand t

SM compatibility: p-value = 6%
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Measurements of H>t1rt

» Measurement targeting ggF, VH, VBF

and ttH production in ¢
-> VBF channel contrib

I

ggF
VH
VBF
ttH

Combined

SM compatibility: p-value = 6%
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» Differential measurement in STXS bins
as well as unfolded differential cross-sections
IN various kinematic variables

Brian Moser

ttH, 200 < p < 300 GeV

tﬂtp?zSOOGeV

Higgs boson coupling propertiesto b, cand t

ATLAS H—-tt Vs=13TeV, 140 fb"
-Tot. @Syst. :“Theory  p-value = 6%
Tot. (Stat. Syst.)
0.35 00 (0% Nuw) |
= 050 0% (9% 972 |
— 053 “07a (Toas ose) |
= 500 3% (4% %%)
= 0.99 ‘03 (0% ‘oz ) |
E 151 “0% (0% 0% |
= 0.94 “0es (o2 o3 )
3 0.96 551 (loer os) |
E 0247078 (5% ey |
- 168 0% (45 0%) |
012 ‘053 (‘o2 o1e) |
E .16 05 (072 iy
0.98 053 (0% oz )
E 140 0% (0% 0W) |
120 9% (9% 00y
21 G5 (43 o5 ) |
p——i 22 0% (e 98 i
e 38 e (B ae )
0 5 10 15 20
(0xB)™**/(oxB)>M
07/07/2025



https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010
https://link.springer.com/article/10.1007/JHEP03(2025)010

CO I Cl_u d | ng rema rks Updated combination of ATLAS

Higgs boson measurements

ATLAS Preliminary

Vs =13 TeV, 36.1- 140 b~
my =125.09 GeV, ly | <2.5
I Ke =Ky

E K. IS a free parameter

> Presented a selected overview of Higgs boson >
measurements probing its couplings to 5
bottom- and charm-quarks as well as to t leptons

1

Vvev

~
L T L LTTL

or

107"

F vev

K

SM prediction

> Impressive progress to extract as much Physics
as possible from the Run 2 data set, reanalyzing it 102

Leptons Quarks

N W
<
®

where large gains were expected - AR -
: o, Bk
» The Run 3 data set is growing with > 200 fb- 10° = : | oo sariers __ Higgs boson =
- I :9 ’ A
a.ready reCOrded [ I Iljl:ll | |I|| Lol I Lol ]
N 14_L B RN |I|| 7T ] -
Y q .
o 1.2F :+ ' —
L = _
‘¢ 1_ ® . I - i _
| 1NNt 4
0.8F I ' -
_IIII|“ ] ] FI]LIII' ] III IIIII| ] ] IIIIII| ] ]
10" L 10 102
""" Particle mass [GeV]
See talk by Zef Wolffs on
Wednesday for more details!

Brian Moser Higgs boson coupling propertiesto b, cand t 07/07/2025


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2025-006/

Concluding remarks

Impressive progress to extract as much
as possible from

Presented a selected overview of Higgs boson
measurements probi
bottom-

ng its couplings to
and charm-quarks as well as to 7 leptons

Physics
the Run 2 data set, reanalyzing it

where large gains were expected

already

o

'transfo
suggest

In addItl
e.g.ont

The Run 3 data set 1s growing with > 200 fb-

recorded

on, further algorithmic improvements,
ne Identification of hadronic signatures

'mers for flavour-tagging],
additional gains on top of the larger

collision data set

Brian Moser

Exciting times ahead!

Light-jet rejection

I I I
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- tt 1-lepton(e or ) events
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Additional material: VH, H>bb/cc

Brian Moser

c-tag score

c-tight (Cr)
b-jet: 4.8% B

c-jet: 24%
light-jet: 0.9% ' N

c-loose (Cy,) b-70-60% b-60%

b-jet: 12% b-jet: 11% b-jet: 58%
c-jet: 21% c-jet: 5.2% c-jet: 2.7%
light-jet: 6.5% light-jet: 0.13% light-jet: 0.05%

25%
c-efficiency

45%
c-efficiency

Untagged (N)
b-jet: 15%
c-jet: 48%

light-jet: 92%

70% 60% b-tag score
b-efficiency b-efficiency
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Additional material: VH, H>bb/cc

Brian Moser

A
Flavour tagging
Hcc
> 1 tight c-tag 2 jets 3 jets > 4 jets 2 jets 3 jets >4 jets 2 jets 3 jets > 4 jets
Lepton flavour ey |« TopeuCr Top eu CR Top ey CR Top eu CR Top ey CR Top en CR
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1 no tag ) CR CR CR CR
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(CLN tag)
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2 jets 3 jets >4 jets 2 jets 3 jets >4 jets 2 jets 3 jets > 4 jets
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a : et
reLtag _ SR SR SR SR SR SR T Note: High AR CR split into 1 loose c-tag + 1
2tightc-tag | SR SR SR SR SR SR
Common Top CR
. 2 jets 3 jets 4 jets 2 jets 3 jets 4 jets 2 jets 3 jets 4 jets
1 tight c-tag
1 b-tag 5' Top(bc) CR Top(bc) CR Top(bc) CR Top(bc) CR Top(bc) CR Top(bc) CR
(BCrtag) | |
—| Top(bc) CR Top(bc) CR Top(bc) CR Top(bc) CR Top(bc) CR Top(bc) CR
Resolved Hbb Boosted Hbb
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2 b-tag
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Additional material: VH, H>bb/cc

ATLAS Simulation

Brian Moser

WH, p."' > 600 GeV

WH, 400 <p"' < 600 GeV
WH, 250 <p"' < 400 GeV
WH, 150 <p."' <250 GeV
WH, 75 <p."' < 150 GeV
WH, 0 < p\T/’t <75 GeV
ZH, p."' > 600 GeV

ZH, 400 <p."' <600 GeV
ZH, 250 <p.'' <400 GeV, = 1 jet
ZH, 250 <p. ' <400 GeV, 0 jets
ZH, 150 <p.’' <250 GeV, = 1 jet
ZH, 150 <p." ' <250 GeV, 0 jets
ZH,75<p.' <150 GeV, = 1 jet
ZH, 75<p. ' <150 GeV, 0 jets
ZH,0< p\T/’t <75 GeV
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Additional material: VH, H>bb/cc

- ATLAS
s=13TeV, 140 fb™
VH, H— bb/ct

cC
VH

- Observed 95% CL
-« Expected 95% CL
- Observed 68% CL
==« Expected 68% CL

o SM
+ Olgt?erved best fit
CC \—
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Brian Moser
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Additional material: VH, H>bb/cc

ATLAS VH, H—bb V{s=13 TeV, 140 fb™

WH, 75 < pi“ <150 GeV

(X,Y)
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I o — i WH, 250 < p"" < 400 GeV —o=| 1.35 f%%% ( fg_ig , fg_;e )
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Additional material: VH, H>bb/cc
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10 “E = o = =
S e = ATLAS B VH, H— bb (u=0.92) = ~ 1 011 = ATLAS _ T Zemf/l —
2 10°°E {s=13TeV, 140 b B Z+jets E L2 " E Vs=13TeV, 1401b” Bl Z+hi E
¢ 10'°E Al BB-tag SRs B Wejets = ¢ 10°E anc, c+c N-tag SRs I Wamint =
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Additional material: VH, H>bb/cc

Brian Moser

Weighted events / 10 GeV
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Additional material: H> 1t

ATLAS Simulation
fs=13TeV, 140fb”", H — tt
Ex ttH, p = 300, Window | _ | | | 29 | 77 | | 16 | | | | | | 100 3
o ttH, pT = 300, Sideband | 9.2 o
(@) ttH, 200 <p <300, Window | 2.7 90 >
(D) ttH, 200 < p¥ <300 Sideband| _ 3.0 3.4 -—
I ttH, pf! < 200, Window [ 0.3 1.2 0.3 1.4 0.7 0.7 =
A ttH, plf < 200, Sideband [~ 80 A
VBF_1, m; = 1500, pl' = 200 [ 2.1 1.7 0.1 0.4 4.0 O
© VBF_0, m; > 1500, |oT =200 10.6 7.9 0.6 0.6 0.7 3.5 0.2 0.2 =
_'CLD VBF_1, 1000<m”<1500 pit=200] 6.2 2.8 0.3 0.6 4.2 0.2 6.5 70 C
© VBF_0, 1000 < m; < 1500, p! = 200 B 18.4 10.4 1.4 0.6 0.8 3.2 0.2 0.4 7.5 : o
>3 VBF_1, 700 < m; < 1000, p¢ =200 0.2 11.8 3.5 0.6 0.7 4.0 6.9 _ =
4= VBF_0, 700 =< m; <1000, p% = 200 [~ 0.2 0.2 27.3 12.1 1.7 0.8 0.8 3.1 4.4 0.2 0.1 _ 60 P
) VBF_1,350 <m; <700, p} =200 0.2 18.4 2.0 2.1 7.2 0.5 : _ ©
g VBF_0, 350 = m <700, pf! = 200 0.6 05 4528 83 3.2 0.8 3.5 0.3 . 0.2 0.1 ] D
5] VBF_1, m; = 1500, pT<200 03 0.3 3.6 0.1 2.3 _ 50 O
D VBF_0, m; > 1500, pT<200 24 1.5 0.9 0.8 19.8 0.7 0.4 0.3 0.3 1.7 0.1 ] )
(C VBF_1, 1000 < m; < 1500, py<200{ 0.2 0.4 0.4 5.5 13.0 2.0 0.2 ] Q.
VBF_0, 1000 < m; < 1500, py <200| = 3.1 1.8 1.1 0.7 23.3 0.6 0.5 11.1 1.1 0.1 0.1 _ 40 x
VBF_1, 700 = m; < 1000, pff <200[ 0.6 0.6 0.5 11.2 0.1 0.3 _ L
VBF_0, 700 = m; < 1000, pT<200 | 4.7 3.1 1.8 1.1 » 808 06 0.1 0.1 0.2 |
VBF 1,350 <m; <700, pf <200~ 1 1 0.6 0.2 0.6 18.5 1.0 _ 30
VBF_0, 350 < m; < 700, pif <200 8.3 4.2 3.5 1.0 0.5 0.1 0.6 0.1 ]
VH_1| 34 0.9 13.0 10.8 4.8 0.1 0.1 0.2 0.5 0.2 _
VH_0[_ 20.7 32 | 299 166 4.1 0.5 24.1 0.2 0.2 47 420
boost 3, pl! =300 [~ 11.2 1.1 6.8 2.4 1.3 1.1 0.1 0.1 0.4 _]
boost_2, 200 = pf' <300 5.3 M 1.6 0.9 0.8 0.2 0.2 0.2 5.0 1.3 0.8 0.8 0.2 0.3 ]
boost_1, 120 < pf <200, Niws =2] 9.1 7.1 8.4 10.6 1.2 5.5 0.9 0.4 0.2 0.5 0.1 0.5 4 10
boost_1, 120 = py' < 200, Ness =1_ 12.0 70.4 5.4 6.3 1.4 0.6 1.0 0.7 0.8 1.1 0.1 0.2 ]
boost_0, 100 = py < 120, Nies = 2 RUGTRS 3.5 22.6 8.4 1.1 4.5 0.6 0.3 0.1 0.5 ]
boost_0, 100 = p7 < 120, Nieis = 1I 28 | I | 12 | 06 | 09 | 06 | 06 | 08 | I I I | I I
New! = 1 1 -2 =0 =0 =2 | =2 > 2 > 2 :
p [GeV]: [60, 120] [120, 200] [200, 300] [300, ) [0, 200] : [0, 200] [200, o) , [0,200] [200, 300] [300, =)
m; [GeV]: [0, 350] [0, 350] [350, «) I[60, 120] 4[350,700] [700,1000][1000,1500][1500,%) [350, 700] [700,1000][1000,1500][1500,%) ,
ggH + g9 — Z(— qq)H V(— qq)H VBF ttH

STXS Binning
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Additional material: H> 1t

VBF VBF
Z1T NF
pH <200 GeV, 350 < m;j< 700 GeV, SRO | <—> | pH <200 GeV, 350 < mj;< 700 GeV, SR O
pH <200 GeV, 350= mj< 700 GeV, SR1 | <—> | pH <200 GeV, 350= mj;< 700 GeV, SR 1
pH <200 GeV, 700 < m;; < 1000 GeV,SRO | <—> | pH <200 GeV, 700 < m;; < 1000 GeV, SR 0
T Al T 1]
7 pH <200 GeV, 700 = my< 1000 GeV, SR1 | <—> | p# <200 GeV, 700 = my< 1000 GeV, SR 1
pH <200 GeV, 1000 < m;; < 1500 GeV, SRO | <—> | pH <200 GeV, 1000 < m;; < 1500 GeV, SR 0
T Al T 1)
Z " pH <200 GeV, 1000 < my < 1500 GeV, SR1 | <> | pH < 200 GeV, 1000 = myj< 1500 GeV, SR 1
T Ji T 1)
_)
Top CR Z - R <SGy = TR0 S0 <> [l <200 G = 1500 GV SR
5 pH <200 GeV, m; = 1500 GeV, SR 1 <> pH <200 GeV, mj; = 1500 GeV, SR 1
T T
VBF — £l jj
( VA ) VA )
Vi Top NF ( | «—— ZTINF — | 0 J Top NF pH > 200 GeV, 350 = m;;< 700 GeV, SRO | <—> | pH > 200 GeV, 350 < my;< 700 GeV, SR 0
[ 1 ] « '  ZTTNF —> [ 1 ] p%{ > 200 GeV, 350 = mj; < 700 GeV, SR 1 <> p%{ > 200 GeV, 350 = mj; < 700 GeV, SR 1
pH > 200 GeV, 700 < m;;< 1000 GeV, SRO | <—> | pH > 200 GeV, 700 < m;;< 1000 GeV, SR 0
T 1) T J)
7 pH 200 GeV, 700 = my< 1000 GeV, SR1 | <—> | pH =200 GeV, 700 < my< 1000 GeV, SR 1
( Boosted ] ( Boosted |
H H
pH =200 GeV, 1000 < mj< 1500 GeV, SRO | <> | pH =200 GeV, 1000 < my;< 1500 GeV, SR 0
«— — N
[ o ] ZTT NF [ o ] pH = 200 GeV, 1000 < mj;< 1500 GeV, SR1 | <—> | pH =200 GeV, 1000 < m;;< 1500 GeV, SR 1
( 1)1 | «<— ZriNF— | 1)1 ) - -
p# = 200 GeV, mj; = 1500 GeV, SR O <> pH = 200 GeV, mj; = 1500 GeV, SR O
Top NF [ =2J0 | «<— ZutiNF—> [ =2J0 | pH = 200 GeV, mj; = 1500 GeV, SR 1 <> pH =200 GeV, m;; = 1500 GeV, SR 1
Boosted ——
[ =2J1 | <—— ZtiNF—> [ =2J1 |
(=12 J<—2ZuoNF— [ =12 ) x2 (Il Ih) x3 (Il Ih, hh) x3 (Il Ih, hh)
[ =1J3 | <—— ZrutiNF—> [ =1J3 |
x2 (II, Ih) x3 (II, Ih, hh) x3 (II, Ih, hh) [ ttH ]
—> | pH <200GeV, window | <
—> [ pH <200 GeV, sideband ] < Ztt NF
( ttH | —— | 200 < p# <300GeV, window | «—+——— | ttH ]
Top NF'— (200 < p# < 300 GeV, sideband | <—
—> | pH =300GeV,window | <
| p¥ =300GeV,sideband | |
x1 (hh) x1 (hh) x1 (hh)
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Additional material: H> 1t

ATLAS Vs=13 TeV, 140 b, H—»1t

Brian Moser

gg—H, 200 = p: <300 GeV

gg—H, p: > 300 GeV

gg—H, 1-jet, 120 < p: <200 GeV |

gg—H, = 1-jet, 60 =< pH <120 GeV

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

qq quq, > 2-jet, 60 < m <120 GeV |

qq'—Hqq', = 2-jet, 350 < m < 700 GeV, p <200 GeV
gg'—Hqq', = 2-jet, 700 < m < 1000 GeV, p <200 GeV
qq'—Hqq', = 2-jet, 1000 =< m < 1500 GeV, p <200 GeV
qq'—Hqq', = 2-jet, m = 1500 GeV, p <200 GeV
gg'—Hqqg', = 2-jet, 350 < m <700 GeV, p > 200 GeV
gg'—Hqq', = 2-jet, 700 < m < 1000 GeV, p > 200 GeV
qq'—Hqq', = 2-jet, 1000 =< m < 1500 GeV, p =200 GeV
qq'—Hqq', = 2-jet, m = 1500 GeV, p > 200 GeV

ttH, pT <200 GeV

ttH, 200 < p:' < 300 GeV

ttH, p: = 300 GeV

0.06 0.01 0.04 0.05 0.20:0.47-0.09 0.41

0.03-0.020.02 0.04 0.10-0.84-0.050.35 0.05

0.04 0.00 0.01 0.050.16 -0.88-0.070.37 0.33 0.05

+0.24-0.10 0.00 -0.00-0.00 0.08 0.04 -0.08 0.03 -0.03-0.01

+0.12-0.14-0.00-0.01-0.03-0.02 0.03 0.05-0.050.07 0.01-0.13

-0.11-0.130.02 0.00-0.020.02 0.02 0.03 0.02 0.02 0.04 0.09-0.10

+0.07-0.120.00 0.00-0.03-0.010.01 0.01-0.000.12-0.030.03 0.10-0.02

+0.00-0.01 0.01-0.02-0.00-0.03-0.010.03 0.02 0.02 0.01-0.010.01 0.01 0.00

-0.04-0.00 0.00-0.02 0.01 -0.01-0.01-0.00 0.01 -0.01-0.00 0.01 0.00 0.00 -0.00-0.16

0.00 I-O.O4|-0.00|-0.01|O.O1 |0.00 I-O.OOI-O.OOI-O.OOI-O.OO|O.OO |0.00|0.01 |0.01 |0.01 |0.06 |-0.1 8
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ttH, p” < 200 GeV
ttH, 200 < p? < 300 GeV
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