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o Run-2 results

Di-Higgs prospects at the HL-LHC
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o Important to measure the shape of the Higgs potential
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SM Higgs boson pair production at the LHC
o SM Higgs boson pair production (gluon-gluon fusion - ggF):
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Higgs-fermion Yukawa coupling Higgs boson self-coupling
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https://arxiv.org/abs/1212.5581
https://arxiv.org/abs/1610.07922

SM Higgs boson pair production at the LHC
o SM Higgs boson pair production (gluon-gluon fusion - ggF):
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Higgs-fermion Yukawa coupling Higgs boson self-coupling
o(pp - HH + X) 0] Productlop cr_oss—sectnon §ma|l
1000 L My = 125 GeV gg —~ HH | — two massive final state particles
— destructive interference
100 ' — HHqq/| . .
/a8 GEHH. production mode | Cross-section
" (14 TeV)
G Pt gluon-gluon fusion ~ 40 fb
. vector boson fusion ~ 2 fb
Higgs-strahlung ~1fb
ol ‘ ‘ ‘ tthh ~1fb
T8 2 50 75 100
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https://arxiv.org/abs/1212.5581
https://arxiv.org/abs/1610.07922

SM Higgs boson pair production at the LHC

Standard Model Total Production Cross Section Measurements status: May 2017
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o SM hh-production ~ 1000x smaller compared to h-production

o Current LHC dataset won't be large enough to reach the sensitivity 52


https://arxiv.org/abs/1712.08677

BSM Higgs boson pair production

Sensitivities to BSM hh-production interesting already at LHC.

-h
Non-resonant enhancements: ,/
o Modified Yukawa /self-coupling
New couplings N
) pling N
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BSM Higgs boson pair production

Sensitivities to BSM hh-production interesting already at LHC.

-h
Non-resonant enhancements: e
o Modified Yukawa /self-coupling
o New couplings N
N, h
Resonant Higgs boson pair
production L’ h
Benchmark BSM hypotheses: X i
o Randall-Sundrum graviton .\

G — hh (spin=2) N

o Heavy Higgs H — hh (spin=0) Resonant production
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Di-Higgs final states

Di-Higgs decay modes and relative branching fractions:

The most sensitive channels
to the SM hh:

_ the highest branching

fraction, large multijet background

hh — bbT 7 relatively large
branching fraction, cleaner final state

hh — bby~y: small branching fraction,
clean signal extraction due to the narrow
h — v mass peak
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https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf

Di-Higgs final states

Di-Higgs decay modes and relative branching fractions:

ww TT zZ YY

RM-207]

other channels being considered:
bbW W, AW and WW~~
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https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf

Di-Higgs final states

Di-Higgs decay modes and relative branching fractions:

ww TT

zz

Yy

RM-207]

feasibility studies:
bZ7Z, WWrt and 41
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https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf

Di-Higgs final states

Di-Higgs decay modes and relative branching fractions:

The most sensitive channels
to the SM hh:

_ the highest branching

fraction, large multijet background

hh — bbT 7 relatively large
branching fraction, cleaner final state

hh — bby~y: small branching fraction,

clean signal extraction due to the narrow
other channels being considered: h — vy mass peak

bbW W, AW and WW~~
feasibility studies:
bZ7Z, WWrt and 41

dedicated boosted analyses, VBF-hh investigated
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https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf

SM Higgs pair production, Run-2 Results

o Observed (expected) 95% C.L. limit on o/osm (Run-2 published results):

’ channel \ bbbb \ bbWW \ bbrT \ bby~y \ WWny \
ATLAS 13 (21) - - 117 (161) | 747 (386)
CMS 342 (308) | 79 (89) | 28 (25) 19 (17) -

2.3-3.2 fb~ 1 13.3 fb~ ! 27.5-35.9 fb—1!

o ATLAS publications using the 2015 + 2016 dataset expected.

o In the context of the HL-LHC prospects studies this is important for those analyses
which perform an extrapolation of the Run-2 result.

o Possible statistical combination.
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https://indico.cern.ch/event/665524/contributions/2919401/attachments/1622833/2583099/Wardrope_ATLASHH_180326.pdf
https://cds.cern.ch/record/2138949/files/ATLAS-CONF-2016-004.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-071/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-002/index.html
https://cds.cern.ch/record/2257068
http://inspirehep.net/record/1609262/files/scoap3-fulltext.pdf
https://cds.cern.ch/record/2273383?ln=en

LHC / HL-LHC Plan
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SM hh HL-LHC prospects
Two alternative approaches:
(1) extrapolation of the Run-2 results — /s = 14TeV, [ Ldt = 3000 fb~*

(2) 14 TeV samples with the upgraded detector geometry,
upgrade performance functions

energy

integrated
luminosity
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Run-2 resolved hh — bbbb

o Background:
~ 90% multijet and ~ 10% tt
o Data-driven estimation of the

multijet background
— 2b 4+ 25 events model 4b
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o The reweighting is performed
using one-dimensional
distributions iteratively

o tt normalization from data
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SM hh — bbbb
HL-LHC prospects

ATL-PHYS-PUB-2016-024
extrapolation of the previous Run-2 result: [ Ldt = 10.1 — [ Ldt = 3000 fb~*

Signal and background distributions scaled by f = det\mrget/deﬂcurrem
All distributions are scaled by 1.18 to account for an increase in cross-section.

Normalizations fixed to the best Run-2 fit values.
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https://cds.cern.ch/record/2221658/files/ATL-PHYS-PUB-2016-024.pdf

Limits w. Syst.
Limits w. no Syst.
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205~ ATLAS Preliminary

Extrapolated sensitivity

No systematic uncertainties

—_
©

Vs=14TeV

Current systematic uncertainties

\“H‘\H‘H\‘H\‘\H‘\H‘\H‘\H‘Hd

-
NPPOODOONDOD

W\H‘\H‘H\ TTT

m:l

HH“H\‘H\H

500 1000 1500 2000 2500 3000
Integrated Luminosity [fo™]

o Extrapolation of the 95% C.L. exclusion limit:
without systematics: o/ogy = 1.5
with current level of systematics: o/ogy = 5.2

systematic uncertainties
in units of signal strength

Source Au

Luminosity 0.05
Jet Energy  0.09
b-tagging 0.34
Theoretical 0.10
Multijet 1.85
1t 2.83
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https://cds.cern.ch/record/2221658/files/ATL-PHYS-PUB-2016-024.pdf

Background uncertainty reduction
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Background uncertainty scale relative to current level

o Significant improvements in (data-driven) background modeling

possible with larger dataset )
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https://cds.cern.ch/record/2221658/files/ATL-PHYS-PUB-2016-024.pdf

Limits on Higgs self-coupling (Pixel TDR)

Updated in respect to ATL-PHYS-PUB-2016-024
o extrapolated using a full 2015 + 2016 dataset and
o includes improved 1Tk b-tagging expected efficiency
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o Extrapolation of the 95% C.L. exclusion limit:
without systematics: 0.2 < )\hhh/Ag% <70
with systematics: —3.5 < Appn /AN < 11.0
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https://cds.cern.ch/record/2221658/files/ATL-PHYS-PUB-2016-024.pdf

Minimum jet py thresholds (TDAQ TDR)

Updated in respect to ATL-PHYS-PUB-2016-024
o extrapolated using a full 2015 + 2016 dataset and
o includes improved 1Tk b-tagging expected efficiency
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o Non-resonant hh — 4b o /osm 95% exclusion limit as a function of the
minimum offline jet pr
0 2535_b60_2435 trigger most important for Run-2 SM hh
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https://cds.cern.ch/record/2221658/files/ATL-PHYS-PUB-2016-024.pdf

SM hh — bbyy HL-LHC prospects

ATL-PHYS-PUB-2017-001, Pixel TDR
The study is based on /s = 14 TeV Monte Carlo (MC) simulations.

The final state particles at truth level are smeared according to the expected detector
resolutions assuming a pile-up scenario with 200 overlapping events (< p >= 200).

The expected efficiencies and fake rates for identifying b-jets and photons are used.
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https://cds.cern.ch/record/2243387/files/ATL-PHYS-PUB-2017-001.pdf

Background composition

o Main backgrounds arise from processes with multiple jets and photons:
— Processes with a single Higgs boson
— Continuum background (bby~y, c&vy, jjy7y, bbj~y, c&jy, bbjj)

o Other backgrounds include Z(bb)y~, tf and tty processes.
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o ATLAS I HH-bbyy
> Simulation Internal = 3::{?"9 H
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Di-photon invariant mass distribution after the selection except for ms, cut

o Significance (Pixel TDR): 1.50
(based on improved b-tagging performance and photon energy resolution)
o ATL-PHYS-PUB-2017-001: 1.05¢0
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https://cds.cern.ch/record/2243387/files/ATL-PHYS-PUB-2017-001.pdf

Limits on Higgs self-coupling
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o Result without systematics (Pixel TDR): 0.2 < )‘hhh/)‘hhh < 6.9
(based on improved b-tagging performance and photon energy resolution)

0 ATL-PHYS-PUB-2017-001: —0.8 < Appp/ASM < 7.7

h h h
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https://cds.cern.ch/record/2243387/files/ATL-PHYS-PUB-2017-001.pdf

SM hh — bbrt7~ HL-LHC prospects

ATL-PHYS-PUB-2015-046
The study is based on /s = 14 TeV Monte Carlo (MC) simulations.

The final state particles at truth level are smeared according to the expected detector
resolutions assuming a pile-up scenario with 140 overlapping events (< p >= 140).

The expected efficiencies and fake rates for identifying b-jets and 7s are used.
All di-7 final states considered.
Results with systematics: 0.60

—4.0 < Appn /A, < 12
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http://cdsweb.cern.ch/record/2065974/files/ATL-PHYS-PUB-2015-046.pdf

Single lepton trigger (TDAQ TDR)

o SM hh — bbrit 7., Run-2 result extrapolation based study (w/o syst)
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Summary table

hh — bbbb current syst [-3.5,11.0]
hh — bbyy w/o syst [0.2,6.9] 1.50
hh — bbr 1~ syst [-4.0,12.0] 0.60

o Very conservative estimations!
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Conclusion and Outlook

Other ggF channels and the VBF category for the most sensitive channels could
contribute to overall sensitivity

Statistical uncertainty dominant for all Run-2 analyses
Main systematic uncertainties: b-tagging, T-identification, ...

Background modeling uncertainties can be reduced with an increased amount of
data.

Triggering stays the limiting factor (topological triggers could be helpful). Inner
detector upgrades important for hh

Hoping for updated results soon. This will provide more realistic estimations and
better understanding of the needed detector performance.

Thank you for your attention!
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backup slides
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Minimum jet py thresholds (TDAQ TDR)

Updated in respect to ATL-PHYS-PUB-2016-024
o extrapolated using a full 2015 + 2016 dataset and
o includes improved 1Tk b-tagging expected efficiency
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(a) No Systematics (b) With Systematics

o Allowed intervals for the Apn, parameter assuming the SM as function of
the minimum offline jet pp.

0 2535_b60_2435 trigger most important for Run-2 SM hh
(efficient for 85% of signal)
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https://cds.cern.ch/record/2221658/files/ATL-PHYS-PUB-2016-024.pdf
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