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LHC started nearly 10 years ago

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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[ CMS Recorded: 177.65 fb !
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LHC started nearly 10 years ago

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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LHC started nearly 10 years ago

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

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

- LHC Dellvered 192 29 ﬂf
' [ CMS Recorded: 177.65 fb !
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56 pb x 139 fb~! = 8 x 10° Higgs bosons produced at 13 TeV
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LHC started nearly 10 years ago

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

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
- LHC Dellvered 192 29 ﬂf
' [ CMS Recorded: 177.65 fb !
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56 pb x 139 fb~! = 8 x 10° Higgs bosons produced at 13 TeV
About 400 measured in the “golden chanel” H — 4L
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Higgs production at the LHC

Dominant mode: gluon fusion
ggH m ~ through a quark loop

Vector Boson Fusion: two jets
VBF -- . 1

well separated in rapidity
In association with top quarks:
many jets, neutrinos

Z/W +H s With a vector boson: jets
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Higgs production at the LHC

Dominant mode: gluon fusion
ggH ::} ~ through a quark loop

Vector Boson Fusion: two jets
VBF -- . 1

well separated in rapidity
In association with top quarks:

tt+H - : :
many jets, neutrinos

-

Z/W+H >% With a vector boson: jets

» Higgs production probes gluon dynamics!

Higgs as a “gluon trigger” first proposed in 2010, see Phys. Rev. D 88, 097501
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Gluon dynamics

H (gluons, 125 GeV)

CMS Preliminary 137.1 b (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html
https://arxiv.org/abs/1909.04133

Gluon dynamics

H (gluons, 125 GeV)
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Gluon dynamics

H (gluons, 125 GeV) Z (quarks, 91 GeV)
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» Gluons are different from quarks
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Higgs vs Z: Gluons vs quarks

To compare gluons and quarks, we can compare their effect on
Higgs and Z boson production

Radiations
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Higgs vs Z: Gluons vs quarks

To compare gluons and quarks, we can compare their effect on
Higgs and Z boson production

Radiations

» Direct comparison by taking ratios
» Eliminate some of the systematics

» Can we do it in Run II data?

» What's the expected accuracy?

Run MC simulations and check out...

)
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Monte-Carlo setup

Event generation:
» aMC@NLO with PYTHIAS for Drell-Yan (up to 2 jets at NLO)
» POWHEG + JHUGEN with PYTHIAS for Higgs (NLO inclusive)
» CP5 tune and NNPDF 3.1

See also references in backup slides
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Monte-Carlo setup

Event generation:

» aMC@NLO with PYTHIAS for Drell-Yan (up to 2 jets at NLO)
» POWHEG + JHUGEN with PYTHIAS for Higgs (NLO inclusive)
» CP5 tune and NNPDF 3.1

See also references in backup slides

Cuts that mimic existing CMS analyses:

Z boson:
> efe” orptu pairs
» Lepton py > 25GeV
> Lepton || < 2.4
> 115 < My < 135GeV

»  Anti-kr with R = 0.4
> pr>30GeV, || <47
> AR(jet,lepton) > 0.4

Higgs boson:

>

>
>
>

Four leptons: 2(ete™),2(pTp~) oreTe putp~
Lepton pr > 5(7),7,10,20 GeV
Lepton || < 2.4

Pair leptons to make two Z bosons with
40 < Mll,l < 120GeV and Mll,Z > 12GeV
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Variables of interest

For measured jets:
» Boson pr » Number of jets > Jetpr
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https://doi.org/10.1140/epjc/s10052-018-6373-0

Variables of interest

For measured jets:
» Boson pr » Number of jets > Jetpr

For radiation other than selected jets:
» Boson pr

» pr balance: p23 = ‘Zjets pr(jet) + I_jT(B)’
» Jet-boson balance: ]BB = ’Zjets Pt (jet)’ —pr(B)

CMS measurement for Z: EPJ] C (2018) 78:965
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Results: Reading the plots

Particle level 140 fb
T T T T
—— DY(lZS‘tlD) < Prediction unc. E‘xp. stat. unc.
BEwW+H - a) W+ (H - 4) BEZ+(H - 4)
Ftt+(H - 4) "= VBF -~ H - 4Fgg - H-4l

=
2,

=
<

{

» Expected number of events
for 140 fb~!

|

—
b Z

Expected number of events

» Higgs breakdown by w0
production mechanism -

sz

¢’ Prediction uncertainty (stat, scale, PDF)
¢ Expected stat. error in Run II data
ESgg - H - 415 VBF — H - 4150 i+ (H - 4])

FEZ+Ho4) B W+ (H - 4) BEBW +(H - 4))

DV).\

v

Higgs to Z ratio (normalized)

> No data, this is a MC-only
study

(HINev,) / (DY/Ney,

p'(H or Z) [GeV]
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Results: Reading the plots

ggH

Y

» Higgs breakdown by
production mechanism
¢’ Prediction uncertainty (stat, scale, PDF)
¢ Expected stat. error in Run II data

Fogg - H 4= VBF - H o 4l tt+(H - 4]) tt+ H
FEZ+H4) W +(H S 4) BBW +(H - 4)

VBF

Z/W+H

LA
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Results: Boson pr (Higgs or Z)

b

article level 140 fb
T T T T
—— DY(lZS‘tlD) < Prediction unc. E‘xp. stat. unc.
BEwW+H - a) W+ (H - 4) BEZ+(H - 4)
Ftt+(H - 4) "= VBF -~ H - 4Fgg - H-4l

=
2,

> Sensitive to hard jets at high pr

=
<

> Sensitive to soft emissions at low pr

Expected number of events
=
)

» For gluon fusion, harder H boson pr —
compared to the Z due to emission 1L e z
difference between gluons and quarks F —
» For other production mechanisms the ma?
Higgs boson pr is harder than the Z 1wl H

because of existence of other particles
» Binning inspired by the existing H
measurements

DV).\

(HINev,) / (DY/Ney,

102
10p'(H or Z) [GeV]
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Results: Number of jets (exclusive)

> Sensitive to hard jets only p
9107
g 10°
E

» More jets in Higgs events 3
g 10t

» Because of the color factor
of gluons, but also
specifics of VBF and ttH

» Could measure up to 4 jets
in Run II data!

Louis Moureaux
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BEwW +H - a)EIW +(H - 4l) BEZ+(H - 4)
Foff+(H - 4l) = VBF - H - 4lFgg -~ H-4
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Louis Moureaux

» When an extra jet is

accompanying the
boson, pr is shifted
to higher values
due to recoil

Differences
between Higgs and
Z visible as in the 0
jet case

Flattening of the
ratio for large jet pr:
Z production starts
to be dominated by
gluon-initiated
events with two jets

Prospects for measuring H to Z cross

Particle level 140 fo° *
T T

Results: pr when one jet is reconstructed
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Results: Balance in the transverse plane

Particle level 140 fb Particle Ievel 140 fb™*
P TABURAE S S RSB S S e S T R AR R
- DY(125:10) 2 Prediction unc. = Exp. stat. unc. < ToV(12510) A< Precibion unt. - Exp. stat. ine.
EEW+H- )W+ H=al) B Z+(H - 4) EEW+H- )W H=a) Bz H - 4)
P+ H - 4) FEVBF - H - 4B8gg - H -4 i+ H - 4) FIVBF - H - 4f8gg - H -4

o
y

5 = | Y pr(et) + pr(B)

jets

x

——e

i

———

Expected number of events
Expected number of events

JBB = |Y_ pr(jet)| — pr(B)

jets

» To study undetected
radiations two new
observables are
defined [1]

» Effects coming from
extra jets (in
acceptance) cancel out

Dv)

(HINev,) | (OYINey,

» Remaining effects
mainly due to
different production

. 80 100 120 140
mechanisms », balance (= 1160 [GeV]

20 40 60 80
Jet-boson balance [GeV]

[1] See EP] C (2018) 78:965 (SMP-16-015)
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Summary

v

Louis Moureaux

First study based on MC to show the feasibility of H/Z
ratios in Run II

Variables based on the kinematics of the boson and jets
Effects of gluon/quark radiations visible in various
observables

Additional particles for some production mechanisms
affect the sensitivity
> As seen for quark induced Higgs production mechanisms
(like VBE...)
> ]BB & p'%al eliminate some of the effects from extra
particles/jets

Prospects for measuring H to Z cross section ratios November 27, 2019
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Questions

» Would a direct calculation of the H/Z ratio potentially
reduce some of the theory systematics?

» PDFs in corners of the phase space
» Scale uncertainty?

» Would H/Z ratio measurements be sensitive to TMD
effects?
To what extent?
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Uncertainties

Estimation:
» PDF uncertainties
» Hessian method according to PDFALHC recommendations
» Scale uncertainties (envelope method)
» Variations of yig and yr by factors %, lor2
» Taking the envelope of all possible combinations, except
when both scales are varied in the same direction
» Symmetrizing by taking the average
» MC statistical uncertainty
» For the ratio: fully correlated and fully uncorrelated
calculations, see next slide

» Small difference
» Correlated variant shown on the plots


https://doi.org/10.1088/0954-3899/43/2/023001

Uncertainty on the ratio

We use two methods to propagate the systematic uncertainties
to the H/Z ratio.

Fully uncorrelated:
> Apply the guidelines first

» Hessian method (quadratic sum) for the PDF
> Envelope for the scale

» Then propagate using the basic rule Agl/bb) =g %b
Fully correlated:

» Take the ratio for each variation of the weights

> Apply the guidelines on the ratios

> Statistical error always uncorrelated



Uncertainty breakdown

Breakdown of the uncertainties for two representative

distributions:
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