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Higgs boson
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Higgs boson

Key answers lie in property measurements of the observed new particle H
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Properties: mass, J*°, total width, couplings
- being studied via all possible H production and

decay channels
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Higgs to VV decays

V — vector boson

Often referred to as precision Higgs channels
2012 2020

‘ ‘ ]

- Cross-section Couplings 35913717 (13Tev)
—_ T > A I ] AL I LA B
g | aras promiay s | EE toms  aniv2009.04363  , s
o my = 125.09 GeV, |yu| < 25 . W’,..' ]
S Rl _ s | m,=12538Gev L
ATLAS'CON F'2020'027 —Combined EI-L|>1071 E_ p-Va|Ue — 44cyo "’,-‘ —g
I | . ’ ]
5 102 ¢ 7t E
n * Vector bosons
10 L + 3¢ generation fermions_ﬁ
0 — 68%CL -~ 95%CL = Best Fit = SM 68% CL §  Muons ]
0 20 40 60 80 100 g4t 0 Tttt SM Higgs boson 4
Eiul Lol vl Lol L3
O ggF [PD] = 1.8
T
H%WW, H%ZZ, H%'Y”Y g N A RN B S
107 1 10 102
were three channels 0 . . Particle mass (GeV)
for H|ggs discovery ReaChEd 10/) DFECISIOH
for VV channels
11/7/2020 Y. Wu



The measurement channels

Production cross-sections

proton - (anti)proton cross sections Enormous QCD
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Events / GeV

Data-Background

The measurement channels

50000 ATLAS Prellimina_:y 4+ Daa
(s=13TeV, 139 fb — Fit
40000 e Background
30000 ATLAS-CONF-2019-
20000F-
10000 ~ Hyy, my, = 125.09 GeV
-500 , , . |
110 120 130 140 150 160
m,, [GeV]
% 180 rI_ TTT | TTTT ‘ TTTT | TTTT TTTT I T I‘I T | TTTT ‘ TTTT I TTT J:
- ATLAS Data ]
g 160-H - ZZ* - 41 —ti
Ql C Vs =13TeV, 139 f XX, VWV ]
B 140 C 2 B z+jets, —
-'QC_)' - % 244 Uncertainty ]
o 120 EPIC 80 (2020) 941
100F % E
80 % 3
60 127
40 -
20+ I

11/7/2020

0 90 100 110 120 130 140 150 160 170

m,, [GeV]

Events / GeV

Y. Wu

arXiv:2007.01984 137 fb-1 (13 TeV)
CMS — H(125) WHw™ (THW ¥ Nonprompt
| Rk Other background i - Uncertainty —e— Observed
> r 0<pll <20GeV qf
QO 400 B [ o S — ]
:—: i . —e—
£ 200fe—
> [
| *
O 1 T
40 Background subtracted ]
20F N

45 < pf <80 GeV ][

TSI S AV B

% 100 F 120 < pi < 200 GeV 7| P> 200 GeV |
S e . |
z s0r ar 7
E e s
o §
m ————

1 1 1 1 1 1

20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
m (GeV)

Keys towards success: precise
determination of physics objects
(e, 1, jets, missing-ET)



Detectors

44 CMS DETECTOR STEEL RETURN YOKE

" Total weight : 14,000 tonnes 12,500 tonnes
e : Overall diameter : 15.0m

SILICON TRACKERS
Pixel (100x150 gim) ~16m* ~66M channels
Microstrips (80x180 wm) ~200m* ~9.6M channels

Overall length  :28.7m

Magnetic fild  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,0004

............. MUON CHAMBERS

Barrel: 250 Drilt Tube, 480 Resistive Plate Chambers

Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silican strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

25m

Tile calorimeters CRYSTAL
o ELECTROMAGNETIC
LAr hadronic end-cap and ¢ orimeTER (5CAL)
forward calorimeters ~76,000 scintillating PEWO, crystals

Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chumbers solenoid mqgnet T'ansmon l’ddicﬁon h'acker HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
Semiconductor tracker

Optimized for Higgs studies at EW scale and searches at TeV

Path to success required dedication in
detector design, construction, operation, reconstruction, and calibration
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Events / GeV

Performance (Selected)
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Typical precision at EW scale:
1% p- resolution
0.1% p; scale

1% uncertainty in lepton efficiency

and more... ...
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Data and Modelling

Both ATLAS and CMS accumulated
about 150 fb1 13 TeV data

CMS Integrated Luminosity, pp, vs =7, 8, 13 TeV

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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With high data-taking quality

11/7/2020 Y. Wu

State of art modelling used
for signal and backgrounds

QCD: NLO>NNNLO+ PS, multi-leg
EW: NLO correction often applied
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The Flow

New physics sensitive,

Differential or exclusive Effective Field Theory,

measurements

Modelling of signal

Measurement

of the processes

Property measurements: Stringent test

couplings, mass, of the SM
total width, J°P

ggF
VBF H=2vy

VH gg HOWW=lvly
ttH H>Z7Z> 1T~
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Measurements: WW Focused on e events

Differential measurements of inclusive Observation of VBF H>WW
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Measurements: yy

CMS-PAS-HIG-19-015

CMS Prelimmary
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Measurements: yy

STXS Phase space measurement
correlation matrix
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Complex methodology successful
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Measurements: ZZ
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VH
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Inclusive

STXS approach
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Combined

VV channels key for ggF and VBF modes

| | | 1 | | | | 1 | | | | | | I | | | |
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CMS results at CMS PAS HIG-19-005;
less full dataset channels

Attempt to measure Higgs couplings:
simplified k-framework

Kz . FJ’
J FSM
J

Coupling modifiers

|

Cross-section of each
measured phase space can be

parametrized as functions of K

l

K measurements
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Couplings

ATLAS-CONF-2020-027

Higgs total width is uncertain (provided there might be unknown channels)
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VV couplings known to great precision
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Total width via off-shell
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Higgs boson mass

PRL 114 (2015) 191803
—
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Run 1 Hes ZZ_s 41 —_— 125.59 + 0.46 ( + 0.42) GeV m . 3: 124.80 17 (Stat.)j;: (Sys.)
Run 1 Combined — 125.07 + 0.28 ( + 0.26) GeV - -
————————————————————— 2e2u — 124.95 770 (Stat) 7" (Sys.)
2016 H—yy =9 125.78 + 0.26 ( £ 0.18) GeV : :
2016 H— ZZ— 4l -—-—|- 125.26 + 0.21 ( = 0.19) GeV 2u2e _A—[_..]— 125.34 07 (Stat.)‘::z(Sys.)
2016 Combined —_— 125.46 = 0.16 ( £ 0.13) GeV B ; ]
__________ |_ S —— de Fa3— 124.59 7 (Stat) 7 7 (Sys.)
Run 1 + 2016 & 125.38 = 0.14 ( £ 0.11) GeV I N
ca v b b v b e e by by Combined —Eé—]— 124-92:gf:(Stat-)j:::(SyS-)
122 123 124 125 126 127 128 129 . . L . . . o
GeV
. My (GeV) 124 125 126 127
Best precision so far m, [GeV]
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Spin/CP

Examined the decay properties
infer the intrinsic characteristics

Machine learning
often deployed
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" [ Background zz*

i - Background Z+jets, tt ]
C— FP=0'sM (s=7TeV,45f" ]
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Alternative spin, CP hypotheses rejected

long ago

\

Further efforts to study CP structures

(mixing, violation)
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A Kagg

Interesting attempt with VBF

Y. Wu

WW for effective H-g coupling )
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Effective Field Theories

EFTs have their virtues in consistently Limited precision in EFT interpretation;
describing modifications to properties  no obvious deviation so far

OggH Sver Sy St Iy
CMS PAS HIG-19-009 £ o4 Faras preiminay N N N N N
N AY Sl NN
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H - o 05F
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Constraining EFT operators relating to %

Demonstration:

CP and loop BSM through H—>4l events EET coefficients <> Measurements
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Rare Processes

Search for H%Z'y decay (B"'10‘3)

1 [

A TLAS

Vs =13 TeV, 139 fb”’

All categories

In(1+S44/Bgg) weighted sum

Weighted mass
spectrum
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Measured signal strength 2 + 1, marching

towards measurement sensitivity
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Rare Processes

H-> Jpsi/Upsilon +y H-> Z + rho/phi

Complementary, but far away from sensitivity measurements
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11/7/2020 Y. Wu 23



Prospect

ATL-PHYS-PUB-2014-016
ATLAS Simulation Preliminary

's = 14 TeV: [Ldt=300 b ; [Ldt=3000 fo

H—yy (comb.) w

H— ZZ (comb) x

H— WW (comb.) }

H— Zy  (incl)

o o R -
TN e 7
o oy _
0 0.2I | 0.4
11/7/2020 A/

Relative conservative projection

Real precision regime expected for

H—->VV channels:

Potentials with upgraded detectors
(larger coverage, better resolution,
more exclusive triggering, timing, ...

More precise theory predictions

desired

Y. Wu
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Summary

Bosonic channels serve for precision measurements, already
entering 10% regime

Thorough investigation of Higgs boson properties have been
conducted, often further insights being established

No beyond-the-SM effects observed so far : - (
Quest is to increase the precision, not only via increasing

luminosities, but also requiring further insights in physics,
detector, and analysis techniques
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