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Introduction i

o

- Higgs boson plays a fundamental
role in the Standard Model (SM)

- Bosonic decay channels (H—vy,
ZZ, WW) have excellent
sensitivities at LHC

- Leading channels for Higgs
boson discovery

- Crucial for high precision Higgs
boson property measurements

- This presentation: latest ATLAS &
CMS Run 2 Higgs boson property
measurement results in bosonic

d ecay C hannels * Results labeled as “new” in this presentation
are produced after LHCP2018
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Bosonic channels @ 13 TeV o

my = 125.09 GeV
H-VV
BR [%] 0.23 0.013 0.98

N(Higgs) in 1 fb-1 of pp 130 v 550

collisions at 13 TeV
W/Z

~56k Higgs boson produced in every fb-1 of 13 TeV data

« Small BRs! For WW and ZZ, stick to
leptonic (e, 1) decay of vector boson to
suppress large bkg.

Yy and ZZ—4l can reconstruct Higgs boson H—yy "
iInvariant mass with high resolution
------ At/b/T
. WWolvlv has MET in the final states: rely o
on other observables (mt, my etc.) v
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Coupling measurements

This talk will focus on ggF and VBF production modes
VH results will be covered by L. Mastrolorenzo

ttH results will be covered by J. Keller

g 48.5 pb q

t/bg  Deeee-- H

Gluon-fusion Vector boson
ggF (~87%) fusion (VBF) (~7%)
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Run 2 dataset in each channel )l
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-042/index.html

Simplified template cross-section (STXS) 2Rk

Les Houches'15,
Yellow Report 4

- Measure cross-section per production mode in different phase-
space regions (more discussions in C. Kato’s talk)

- Reduce model dependence and maximize sensitivity to BSM effects
- Support kinematic-dependent interpretations (EFT etc.)
- Within each region, use the SM predicted signal templates to fit data

- Can still exploit powerful analysis techniques (e.g. MVA)
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https://arxiv.org/abs/1605.04692
https://arxiv.org/abs/1610.07922

H—yy inclusive production cross-sections & STXS )\!J
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/

H—ZZ—4l: inclusive production cross-sections BDJ]
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» Reaching 10% precision for ggF with full Run 2 stats

» Good agreement with SM. 20 tension from SM in
ATLAS VBF result not confirmed by CMS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html

H—ZZ—4l: STXS cross-sections [

CMS Preliminary 137. 1 fo! (13 TeV)
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CMS use “Stage 1.1”. Current ATLAS results based on “Stage 1”
granularity (will move to “Stage 1.1” in the next step)

Choice of binning: balance between granularity and sensitivity/correlation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html
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- Good sensitivity for ggF (20% level precision) and VBF (50%
level precision) with ~36 fb-1 (about a quarter of full Run 2 data)

- Two processes well separated, yielding small correlation
between them
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-042/index.html
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Mass, width, and CP results

CMS 35.9 fb" (13 TeV) 9
% 70 _\ TTT ‘ TTTT TTTT TTTT TTTT TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT \_ ;‘ 1 0 ; | T T | T T T T | T T g
o ¢ Data 1 & © ATLAS Simulation 1s=8TeV ]
a 60 ] H(125) - g 102;_ 99 — ZZ - 2e2u ]
o f [ q9-22, zy* ] = H) » ag— H* - 72 (8) 3
S =nl B 9922, 2y ] S i f ﬁ.'1. * 9g->2Z(B) ]
> 50r B z+x 7 O R — - gy () 22 i
w E E '8 1 0-3 Er J iI:: "-.__ -m-r g (H-) 22 (uowshell=10) E
40— = il T E
r ] E “ey ™, ]
C ] all fee _
30 L ] 1 O ; §
20/~ . i e
: ] 10°% E
10[- i i
T Jol S S Ll R
0 2 4 1
70 80 90 100 110 120 130 140 150 160 170 00 00 600 800 000
m,, (GeV) m,, [GeV]

Hongtao Yang (LBNL) May 20, 2019, LHCP 2019 11



Higgs boson mass measurement (2

CMS 35.9 fo (13 TeV)
L N ) L NN B LB B L L L L 1 B B L R IR A B B AR
ATLAS ~-Total | |Stat. only [= - = |
Run 1: s =7-8 TeV, 25 fb™, Run 2: {s = 13 TeV, 36.1 fb Total  (Stat. only) < V=
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Run 2 H—41 = 124.79 +0.37 ( £ 0.36) GeV 5F
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AAssomsmnt e ;g;ag’;’az;{(’a’z’{)’ae’v”” L
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PLB 784 (201 4 JHEP 11 (2017) 047

ATLAS (yy+4l): mn =124.97 £ 0.16 (stat.) £ 0.18 (syst.) GeV
CMS (4l): mp = 125.26 = 0.20 (stat.) £ 0.08 (syst.) GeV

Syst. uncertainty dominated by experimental ones (energy/
momentum scale and resolution)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-33/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-041/index.html

Off-shell analysis (new) 200

5.1 (7 TeV) +19.7 fo” (8 TeV) + 77.5 fb™ (13 TeV)
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PLB 786 (2018) 223 r /e

« MySM=4 MeV for my = 125.09 GeV: far below detector resolution!

- Use off-shell production in H—=+ZZ—4l/llvv channels to constrain Higgs
boson total width, assuming same couplings for on-shell/off-shell regions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-06/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-002/index.html

CP studies: CMS results

CMS Supplementary arXiv:1901.00174 5.1 fb" (7 TeV) + 19.7 b (8 TeV) + 80.2 fb™ (13 TeV)
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Leading momentum expansion CP even

« Spin-0 nature established in Run 1

- CP admixture as well as other BSM interactions still possible:
use Run 2 data to study HVV couplings
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-002/index.html
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- ATLAS use Higgs characterization model or
Wilson coefficients etc. to probe CP even and
odd BSM interactions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-22/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-21/
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Conclusions

(s =14 TeV, 3000 fb* per experiment

- Bosonic decay channels continue leading — S G
Run 2 measurements of ggF (reaching 10% - ——

precision) and VBF (reaching 30% level

precision) cross-sections oM
GggH E 45 23 26 28

- Also measured phase-space regions within =~ s=——=  mmeww
production modes using STXS framework '

5 More details in
= C.Kato’s talk!

25 13 1.7 14

25 16 16 1.2

0.1 0.2

0.3

- Higgs boson mass measurement updated o e
with Run 2 data Tl ATLASand owe

- Off-shell analysis (for total width) and HVV o= o
CP studies did not show deviation from SM &=

- Many analyses to be updated to full Run 2 o=
dataset, ATLAS and CMS dataset to be ol ==
Combined' Stay tuned for more reSUItS! cS\Z/}%Fo_—m 0.2 03 0.451.244.:).1-72500.6
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LHC and ATLAS detector )

BERKELEY LAB
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SM Higgs boson productlon at LHC

9 rsooDD0Y
Main 7|
g 200000/
Gluon-fusion Vector boson .
ggF (~87%) fusion (VBF) (~7%) VH (~4%)
T T T T T T T T T T e
= M(H)= 125 GeV =g
SR ) :
oot >: il
: : 1 3
= | (Runt 1 Run 23
i H (NNLO op +NLOEXD ]

« Distinct topology from each production mode 1

T Illlllll
1 llllllll

+ Rare production modes difficult to probe, but
important for beyond the SM (BSM) scenarios 10"

T 1 lllllll
11 lllllll

 Improved accuracy from theory calculations: _ o :
inclusive o(ggF) now calculated at N3LO in 10 IR T VT AR A T RV T

. . . 6 7 8 9 10 11 12 13 14 15
QCD and NLO in EW, with 5% uncertainty | ¢ Higgs XS WG Yellow Report 4 VS [TeV]
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https://arxiv.org/abs/1610.07922

Stage 1 STXS framework )
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Stage 1.1 STXS framework i

_ _ = VBF+V(—qq)H
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| o =t ]
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H—-yy: signal fractions ]

ATLAS Simulation Preliminary ~ H—yy, Ys = 13 TeV, m,,=125.09 GeV
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STXS process
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H-yy: correlation matrices for STXS [
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H—ZZ—4l: signal fractions
u BERKELEY LAB
CMS Simulation Preliminary 137.1 b (13 TeV)
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H—-ZZ—-4l: correlation matrices for STXS
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BERKELEY LAB
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-14/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-007/index.html

Prospect for off-shell constraint on I'y

3000 fb' (13 TeV)
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Theory model for HVV anomalous coupling studies w::”

VV 2 VV 2 vV 2

vw K qi+K g5 K3 (q1+q2) 2 x _» VV o+(1) fo(2) v VV o+(1) 7¢(2) uv

A~ a - — 2 - 2 My €y €y + a3 f;w )f()yl+a3 f;u( )f()}"
(A7) (a8")

ATLAS:
1
Ly ={K5M EgHZZZyZ” + gaww W, W* I

1 -
4 [“HsggHngZvGa'yv +lana "AsggAgstvGa'W]

11 -
- ZX [KszZpVZ”V + tan QKAzzz”VZ”V]

11 %
- EX [KHWWW;VW—”V 4 tan O’KAwwW;VW—”V] }XO
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