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A few comments to start...

Thank you to organizers, speakers, session chairs, ... for a very nice
conference!

Cannot do justice to everything shown in the past days — just a biased
selection

@ Please excuse if your favorite topic/your talk is not represented here!
@ Picking results from one or the other collaboration — in many cases, the

other collaboration has similar results as well, see
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults and
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults and
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG

Note: | am giving the references to the talks where the material was
discussed, further references can be found there.
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[ATLAS wiki, Nico Harringer]

Where are we standing?
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Higgs boson couplings (to other particles)

Combinations and updated/new analyses beyond the combinations
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[Tiziano Bevilaqua, George lakovidis, Giovanni Petrucciani]

Combined couplings measurements.

@ Most precise measurements of (most) Higgs couplings to-date from

combinations of Run2 data: from 6% (to weak bosons) to 7-12% (for third
generation fermions)
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[George lakovidis]

Simplified Template Cross Sections (STXS).

@ Cross sections in various kinematic regions, split by production process
chosen to reduce theory uncertainties and to optimize BSM sensitivity

Nature 607, 52-59 (2022)
ATLAS Run2 L]
z* Ew ' '
P o
10 E
10F
- T
° 6200 s 15 200 26— w0 oo o5 w00 W=
P [Gev] plf [Gev] pi [Gev]

§ Data (Total uncertainty)

Syst. uncertainty
=== SM prediction
4 ! {

olpb]
alpb]

L 5 0 L L L L
VH-enriched VBF-enriched 350 700 1000 1500 @ 350 1000

m; [Gev] mj [Gev]

qq' > WH = Hév pp & ZH 3 HPE

— 1000

B E T 0
T - E 100 & 00 |J£| T 3 g 500
ol = 1 . = 250
F3 "
10° L

L L , [ L s , L e 0
75 B0 250 400 T 2% 400 60 20 200 300 40 w
P [Gev) pi [Gev] pf [GeV]

6/35



[Yicong Huang]

EFT interpretation.
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[Tiziano Bevilaqua]

Couplings from Higgs pr-
@ Dedicated differential measurements can be obtained in finer bins, and
with less model-dependence

@ Interpreted in terms of b- and c-quark couplings considering only the pr
shape (weaker) or also the branching ratios (stronger)
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EFT interpretation.

@ EFT interpretation of pr

@ 2d constraints for pairs of CP-even and
CP-odd operators

CMS Preliminary

[Lourdes Urda]

138 16 (13 TeV)

002 0,00 002 004 006 0.08 10
Cha

138 fb™! (13 TeV)

@ Fit for 10 linear
combinations of
Wilson coefficients

@ Limits onthe BSM ™}
energy scale for
different values of o
Wilson coefficients

A = /<1 (95% CL) (TeV)
3 5
T

. c =001 - c=1 c‘:(41|)2I

= = =
© w [

EV 107



EFT: Sandra’s comparison.

— comparing eigenvectors that have the strongest relation to a given Warsaw-basis Wilson coefficient.

CMS  EVI1:(

ATLAS ngl‘r:( —0.03¢,6 )

ATLAS Higgs STXS-1.2, arXiv:2402.05742:
(ggH, VBF,WH,ZH, ttH, tH) x (p,;f" Nieiso m)
combining yy, Zy, WW, ZZ, bb, tt & uu decays

* lin-only & lin+quad parametrization

inclusive Higgs production,
combining yy, WW, ZZ, & =t decay channels
* lin+quad parametrization

CMS differential pzl:[, CMS-PAS-HIG-23-013:

® STXS-based eigenvectors more
strongly related to a single WC.

e Comparable sensitivity from
STXS & differential measurements,

EV dominated
by a single WC

EV with
astrong
contribution
from a given WC

EV with
moderate/small
contribution
from a given WC

0.26¢45, — 0.15¢y5 0.08¢;y, 0.14¢,, — 0.03¢,, 0.01c )

6(Uncertainty on ¢,/A?)
Warsaw-basis ATLAS CMs Ve Most sensitive
Wilson coeff. STXS differential ptH observables
Chw, Che, CHwe| 0.001 - 0.1 0.001 - 1 HWW  [STXS (yy, Zy) & diff
CHG 0 Hgg [STXS (ggH) & diff
ce Hgtt  [STXS (ggH) & diff
o Hag STXS mﬁ) ‘
CoH STXS (Higgs width)
CeH22 0.001 1 HI STXS (mumu)
CeH.33 0.01 STXS (tautau)
Chia3 0.01 041 STXS (VHbb)
CHu 10 HVaq STXS (ZHbb)
CHat 1 1 STXS (VHbb)
Chig 10 10 STXS (VHob)

but STXS adds some more sensitivity to Hgq, HIl and HVqq vertices.

o Significant dependence on quadratic terms for ¢y, ¢,6> C/p» ¢!

H

lq) (4 - 10 times stronger limits).
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[Enrique Valiente Moreno]

Updated measurement of H — 77 more differential.

ttH measurement from 18-Pol fit

@ ttH measurement improved with

multiclass classifiers to separate

signal and backgrounds, and

neural network reconstruction of

Higgs pr

* Differential analysis of Higgs pr

in ttH in this channel, still with
large uncertainties

Differential analysis of Higgs pr
and mj; in VBF, with good
precision at high pr and/or m;
thanks to low backgrounds

Fiducial differential cross section
measurement in H — ~7 in VBF
enhanced phase space
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Updated measurements with top, b and c.

Updated measurement of

ttH (— bb) with e.g. improved
modeling of backgrounds
(ttb(b), ...) and uncertainties

Most precise single-channel
analysis of ttH

Updated measurement of

V H(— bb|cc) with e.g. better
heavy flavor tagging, improved

boosted analysis, ...

15% improvement on ub2,, and
x3 for p$e,,

|ke| < 4.2 at 95% CL (exp. 4.1)

[George lakovidis, Marion Missio]
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[Tiziano Bevilaqua]

Looking for very rare production processes.
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[Nico Harringer]

Cross section measurements at 13.6 TeV.
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[Brian Webber]

Uncertainties on parton shower modeling.

Citations: LHC Higgs
o0 W ATLAS W cms gg Estimating PSEG

Uncertainties

250

Publications

125

, ® ATLAS: compare Pythia with Herwig
Herwig 7 Pythia 8 Sherpa Total

® CMS: vary parameters within Pythia
® ATLAS cites Pythia + | or 2 others

® CMS cites mainly Pythia or none (i.e. ® Both have their dangers!
MG5_aMC and/or POWHEG BOX)

@ These uncertainties can be very sizable or even the leading systematic
uncertainties

@ Profile likelihood relies on good uncertainty estimates!
@ We would really benefit from theory/experiment collaboration on this!
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Other Higgs boson properties
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[Valerie Lang, Fabio lemmi, Giovanni Petrucciani]

Higgs mass
@ Measurements with full Run2 [Cawsn gy T T
dataset |nd|V|dUa”y W|th | CMS H — ZZ Run 1 —— 125.69+ 0.46 |
uncertainties better than 200 MeV | ATLAS H— yy Run 1 —e—  wozos |
@ For ATLAS, better precision from sz o e
H — ~~ after reduction of the | cusH -y - 1s782020 |
systematic uncertainties on the | cusH~22funz -~ resouzare |
photon energy calibration | ATUAS H yy fun2 -~ wirson |
* Precision of 0.09% from Run1+2, | 00 L T
H — vv+H — 40 H " “ .o Mass (GeV)

@ New CMS measurement with full Run2 H — 4¢ with precision of 0.1%

@ Ongoing effort to reduce the dominant systematic uncertainty on
non-uniformity of light collection in CMS H — ~-~ measurement

H — 4¢ still dominated by statistical uncertainties, H — ~- competitive
thanks to large effort put to reduce uncertainties on photon energy calibration
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Higgs width

@ Higgs width from H — 4¢
* Relies on on- and off-shell
couplings being the same, and
no contributions to ggH loop

CMS Preliminary 138 fb™! (13 TeV)
20f ‘f
[ — Observed
15 i
r - Expected
- L
£
< 10
B

[Valerie Lang, Fabio lemmi, Giovanni Petrucciani]

@ First attempt to constrain Higgs
width from ¢ttt production cross
section and Higgs on-shell
measurements

* Assume on- and off-shell
couplings to top are the same

‘ _
ATLAS — Observed ' ]

5t V5=13TeV,36.1-140" ... Expected

-2in A

T, [MeV]

Ty = 861,5° MeV

@ Some discussion here — theory
uncertainties play important role
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[Valerie Lang, Fabio lemmi, Giovanni Petrucciani]

Tests of CP in fermion interactions.

HttHH t
Accessible in tt H production for interactions with g wvemeCt H
top g 98000 t
1% t
: 40
g [ ATLAS 1
o [T b 20 CMS Preliminary 1381b"" (13TeV)
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{30 15h, e 11,3
1 (- * R0 // R
B 1.0f — 68%CL / 1 1 e
ol _ E 5 1 [ 20
120 5
L 3l s oo ElE
1 osf- 1B
A 10 L 1 4.8
‘ZT % Bestfit a=11", K =0.84 151 1 24
#® SMCP-even: a=0",k =1
[ & CP-odd:er=90" =1 2R e s 00 65 io 15 20 00
33 = 0 1 2 0 Ky

K; COS o
@ Recent results from ATLAS and CMS use H — bb, compatible with the
SM
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“\/BE”

6 q

7% v H
\Y

g q

@ Accessible in VBF, but also decays to
vector bosons

@ Various parametrizations, now mostly
SMEFT operators or anomalous couplings
(AC)

* Results from different analyses not always
easy to compare

@ New VBF H — 77 (ATLAS) yields
strongest constraints to-date on ¢,

@ Constraints on AC in many channels from
CMS

@ All results compatible with the SM

-2AInL

[Valerie Lang, Fabio lemmi, Giovanni Petrucciani]

Tests of CP in interactions with vector bosons
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Higgs boson self-coupling



Valentina’s summary:

(4

HH CROSS SECTION  : oro o serans
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Legend:
New from HH2023
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Phys. Rev. Left. 133 (2024) 101801
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- Median expected
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* 95% expected
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e by 3HEP (2208.10657)

Ao by 4P (2208 10269)

e 63 2021) 257

95% CL limit on o(pp — HH)/o,

CMSPublic/SummaryResultsHIG
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Valentina’s summary

-

Legend:
New from HH2023
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Analysis improvements

[Florian Haslbeck]

Significant improvements in analyses beyond more data, H — bbrT as

example:

ATLAS Preliminary
HH—> bbt*t searches

A JHEP 07 (2023) 040

Expected limit on [ @ 95% C.L.

S L e ey o o L B

Eur. Phys. J. C 78 (2018) 1007

10 [ Phys. Rev. D 110 (2024) 032012
L Tt e Luminosity-based scaling
4 A

Lot PRSPPI AP PR PPN v i i il P
40 60 80 100 120 140 160 180 200

Integrated Luminosity [fb™]

@ Improved MC modeling
@ Improved MVA discriminants

@ Improved event categorization
optimized for k and kv
constraints

@ In general also improvements in object performance and calibrations
@ All this is promising for Run3 and HL-LHC
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[Agni Bethani, Zhijun Liang]

New channels in H H searches.

HH — 11y
CMS Preliminary 138 fb™ (13 TeV)
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Using ML-based event categorization

Limits on cross secrion:
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Constraints on kA:
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g2 ! LA LAY KA AR LAAMS LAARI LM LA
& { ATLAS ¢ Data 1
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121 SR — Ky =0VBF |
| Post-Fit Background
722 Uncertainty
g2 3
E
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BDT Score

Using ML-tagger for boosted bb in
large-R jets

Observed: Koy € [-0.55,1.49]
Expected: K,y € [-0.37,1.67]
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The rare and the not (yet?) seen

Searches for many different signatures, | can only cover a very small subset!
| picked some of the results that brought some discussion
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Search for light resonance decaying to two ph

@ Search for resonance decaying to ~~
in 62 < my < 120 GeV

@ Experimental challenge: suppressing
and understanding background from
Z — ee with e misreconstructed as
(converted) photon

@ No significant excess (largest excess:
1.7 o (local) at 95.4 GeV)

* CMS: 2.9 & (local) at the same mass

@ Let’'s see what the Run3 data has to
say...

o, x B(H- vy) [fb]

[Erich Varnes]
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- T
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Search for A/H — tt.

@ Search for tt resonances
* Dominant A/H decay
for low tang
* Complicated peak-dip
interference structure

@ Excess of >5 o (local)
close to threshold, fitted
equally well by A and by
color-singlet ¢t bound
state

@ Some things to be
understood...

Ratio to background  Ratio to background <Events / GeV>

Ratio to background

[Samuel Baxter, Efe Yazgan, see also Erich Varnes]

CMS Preliminary 1 138 fb %, Run 2 (13 TeV)
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Searches for H — aa.

[Lakshmi Priya Nair, Huacheng Cai]

@ Motivated in models with additional light pseudo scalar

H — aa — 471

-1

= 0.15—— 1381 (13TeV)
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< —Observed  Prefiminary
D e Expected

= B - 10 expected

'?— 0.10 +20 expected 7
I
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Boosted a bosons
— non-isolated leptons

H — aa — bbrr
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T (s=13Tev, 140" ... Expected E
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HL-LHC and beyond



Towards HL-LHC: phase 2 upgrades

LHC

[Khuram Tariq, Federico De Guio]
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H — pp and Higgs width with HL-LHC.

@ Improvements in tracker and muon spectrometer (extended acceptance,
reduced material budget for tracker)
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Expect 30% constraint with HL-LHC
(with the usual assumptions)
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HH — bbrT at HL-LHC.

@ Extrapolate new HH — bbrT
search to 3000 fb—! under various

assumptions on systematic
uncertainties

@ New: projections for non-SM

@ Improvements in b-tagging, =
identification, triggers, ... can bring

further improvements

MVAs have never been more accessible! Analyses will be able

train advanced models

> Explainability / interpretability tradeoffs

> Harmonise tooling & models to minimise expensive trainings

@ Discussion: need improvements in
theory predictions and uncertainties
for HL-LHC (top mass renormalization
scheme, EW corrections, ...)

[Florian Haslbeck, Sam Van Stroud]

12

ATLAS Preliminary

® © 5 3N

Signifiance Uy [0]

—— No syst. unc
—=— Baseline
—+~ Baseline, MC scaled

- # - MC scaled

Theo. unc. 50%
—— Run 2 syst. unc.

T

O =N WA OO N ®O©

Assuming kzy =1

1"
10

O 2N WA o e N

4 5 6

Kx

@

ATLAS Preliminary

68% Cl for k

=)

N o N A O ®

I Run2syst unc.
Theo. unc. 50%

I Baseline

Il Nosyst. unc.
Run 2 (SM)




Conclusions.

@ New and improved results on Run2
data with improvements in object g <
performance, analysis strategies, ... | =

@ We have a sizeable Run3 dataset to
explore

@ In some places we are/will be
impacted by theory uncertainties —
close collaboration between theory
and experiment is crucial

@ Much effort in upgrades for phase 2

@ There is much to look forward to for
future Higgs Huntings
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Thank you for a very nice conference!
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