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- Simplified template cross sections (STXS) are the Higgs boson
production cross sections 1n exclusive kinematic bins

- Reduce model dependence, maximise sensitivity to new physics,
constrain coupling modifiers (k), EFT coefficients, BSM tests


https://arxiv.org/abs/1610.07922
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- ggF, VBF, VH bins are split
using number of jets and pT

- Possibilities for merging bins
are indicated by (+)

- There 1s revised Stage 1.1
binning to capture more of the

VBF kinematic and the low
pT gluon fusion [twiki]


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGFiducialAndSTXS
https://arxiv.org/abs/1610.07922

In this talk

Following results are covered in this talk:
ATLAS combined at 80 fb-! [ATLAS-CONF-2019-005]
CMS combined at 36 fb-1 [1809.10733]
ATLAS self-coupling at 80 tb-! [ATL-PHYS-PUB-2019-009]
ATLAS+CMS projections at 3000 fb-! [1902.00134]

New results 1n individual channels are covered in Hangtao’s talk [link],
Markus’s talk [link], Luca’s talk [link], and John’s talk [link]

List of channels with STXS results:

ATLAS CMS

77 at 80 b1 [ATLAS-CONF-2018-018] ZZ at 140 fbo-! [CMS-PAS-HIG-19-001]
vy at 80 fb-l [ATLAS-CONF-2018-028] vy at 80 fb-1 [CMS-PAS-IIG-18-029]
bb at 80 fb-1 [1903.04618] 17 at 80 fb-! [CMS-PAS-HIG-18-032]

T at 36 b1 [1811.08856] WW at 36 fb-1 [CMS-PAS-HIG-16-042 ]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
https://arxiv.org/abs/1902.00134
https://indico.cern.ch/event/687651/contributions/3427311/
https://indico.cern.ch/event/687651/contributions/3427310/
https://indico.cern.ch/event/687651/contributions/3427301/
https://indico.cern.ch/event/687651/contributions/3427228/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
https://cds.cern.ch/record/2308255/files/HIG-16-042-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/
https://arxiv.org/abs/1903.04618
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-07/

ATLAS combined at 80 1tb-!
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|ATLAS-CONFE-2019-005]

Reduced Stage 1 inputs
except for VBE, H — bb, pup,
invisible and off-shell, which
are only used in the K
framework

goF signal: Powheg Box
NNLOPS, normalised to

N3LO QCD with NLO EW
corrections

VBEF, VH, (ttH) signal:
Powheg Box NLO,
normalised to NNLO (NLO)
QCD with NLO EW
corrections


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005

Global signal strength [ATLAS-CONF-2019-005]
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- Dominant uncertainties: Signal theory (4.2%), background theory
(2.6%), photon (2.2%), luminosity (2%)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005

STXS results
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+  All major production modes
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005

CMS combined at 36 tb-! [i509.10733)

35.9 fb™ (13 TeV)

CMS o Observed Production process Best fit value Uncertainty
== +10 (Stat @ syst)
- — +20 (stat @ syst) stat. SySt'
=10 (SYSt) +0.14 +0.08 +0.12
u_ | ggH 122 Ty, —0.08 —0.10
99 5 (+O11y  (+007) (4009
- : —0.11 ~0.07 —0.08
; 4030 4024 +0.17
— e @
Myer 5 VBF 073 Ly37 —0.23 —0.15
- 5 +0.29 +0.24 +0.16
: (Zo27) (Do) (Loi3)
w 5 o
WH ; +0.58 +0.46 +0.34
B : WH 218 Iyss —0.45 ~0.32
: +0.53 +0.43 +0.30
= (Zosr)  (Coan)  (Zg29)
Mo -
; +0.44 +0.39 +0.20
— ; ZH 087 Zom —0.38 —0.18
: +0.43 +0.38 +0.19
——— e
M : (Toar)  (Cozp)  (Corn)
B i 4030 4016 +0.26
; ttH 118 oz loie o2
u .- (028)  (+016) (4023
1111 | 1111 l 1111 | 1111 | 1111 | 1111 | 1111 | 1111 _0'25 _0'15 _0'20

0O 0.5 1 15 2 25 3 35 4
Parameter value

u=117+0.10=1.11 = 0.06 (stat) fg:gg (sig theo) = 0.06 (other syst)

Dominant uncertainties: Signal theory (5%), luminosity (2.5%)

50% level improvement compared to Run 1 due to increased cross
section, improved theory uncertainty, additional event categories


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
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STXS results

CMS

35.9 b (13 TeV)
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Stage 0 STXS and branching ratio with respect to ZZ
bbH 1s merged to ggH due to the lack of sensitivity

qqZH and ggZH are merged because they can not easily be separated
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tH 1s merged to ttH due to the lack of dedicated analysis


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
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Generic parametrisation assuming no new particles in loops and decays


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005

: : [ATLAS-CONF-2019-005]
Couphng modifiers [1809.10733]
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- Generic parametrisation using effective kg and «y. In CMS (r1ght), kv 1s
allowed to go negative and 1s close to -1 — |kv]| 1s still close to 1


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html

ATLAS selt-coupling at 80 tb-!

[ATL-PHYS-PUB-2019-009]
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The self-coupling contributes at NLO EW corrections via the Higgs
self energy loop and additional diagrams (left)

Constraint on the self-coupling using single Higgs production (right):
-3.2 < < 11.9, sensitivity comparable to HH searches


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/

ATLAS+CMS projections  [1902.00134)
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Reduced systematic uncertainties reflecting the situation which 1s
expected at the end of HL-LHC, with negligible mc stat and
background function uncertainty, and half theory uncertainty (S2)

More detail 1n Jose’s talk [link]


https://indico.cern.ch/event/687651/contributions/3427426/
https://arxiv.org/abs/1902.00134

Summary

Combined measurements:

Using up to 80 fb-1, reduced Stage 1 STXS are being prepared

AT]

Sensitivity comparable to HH searches, dedicated kinematic

Dominant uncertainties: Signal theory, background theory,
luminosity, photon (Still limited statistics in BSM bins)

LAS self-coupling at 80 fb-!:

binning including ggH and ttH can improve the sensitivity
ATLAS+CMS projections:

A few% level expected uncertainty on main production cross

sections and branching ratios at 3000 fb-!

Let’s get ready for the full Run 2 140 fb-! results



Backup



. . [ ATLAS-CONF-2019-005]
Correlation matrices 11809.10733]
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CMS combined at 36 tb-! | ]

Production and decay tags Expected signal composition

VH production with H — bb, Section 3.5

H — v, Section 3.1

-~ Z(vv)bb ZH leptonic ~100% VH, 85% ZH
glr;’lc:agged ?i::éo/z %;];31; W (4v)bb WH leptonic ~100% VH, ~97% WH
VH hadronic 25% WH, 15% ZH Z(£0)bb ;(?W'p r(V) ZH leptonic ~100% ZH, of which ~20% ggZH
vy WH leptonic 64-83% WH igh-pt(V) ZH leptonic ~100% ZH, of which ~36% ggZH
ZH leptonic 98% 7H Boosted H Production with H — bb, Section 3.6
VH pgrniss 59% VH H — bb pT(H) bins ~72-79% ggH
ttH 80-89% ttH, ~8% tH ttH production with H — leptons, Section 3.7.1
H — 7Z*) — 4¢, Section 3.2 2/0ss WW/TtT =~ 4.5, ~5% tH
Untagged ~95% ggH 3¢ WW:tTt:2Z~15:4:1, ~5% tH
VBF 1, 2-jet ~11-47% VBF 4/ WW:tt:ZZ~6:1:1,~3%tH
4, 262/ 2p20, 4o VH hadronic ~13% WH, ~10% ZH HoWWrnzz o o 96% ttH with H — 77, ~6% tH
VH leptonic ~46% WH 2/ss+1T1, T : WW = 5: 4, ~5% tH
VH pipies ~56% ZH 30411, TT:WW:ZZ ~11:7: 1, ~3% tH
ttH ~71% ttH ttH production with H — bb, Section 3.7.2
H — WW®) — fvly, Section33 ft — jets ~83-97% ttH with H — bb
e/ e 8gH 0, 1, 2jet ~55-92% ggH, up to ~15% H — 77 H — bb tt — 1l+jets ~65-95% ttH with H — bb, up to 20% H -
VBF 2-jet ~47% VBF, up to ~25% H — 1T tf — 20+ets ~84-96% ttH with H — bb
cerpp ggH Of 1-jet ~84-94% ggH Search for H — pp, Section 3.8
e+ VH 2jet 22% VH, 21% H — 11 » 578 bins 56-96% ggtl, 1.42% VBE
3¢ WH leptonic ~80% WH, up to 19% H = 7 Search for invisible H decays, Section 3.9
4/ ZH leptonic 85-90% ZH, up to 14% H — 17 4 i
H - 77, Section 34 VBF . 52% VBF, 48% ggH
0Jet ~70-98% ggH, 29% H — WW in ey H o invisible 8811+ = 1jet 80% ggH, 97 VBF
ell, eTh, T, TaTh VB ~35-60% VBE, 42% H — WW in ey VH hadronic 54% VH, 39% ggH
Boosted ~48-83% ggH, 43% H — WW in ey ZH leptonic ~100% ZH, of which 21% ggZH

+ ggoF signal: Powheg NNLOPS, normalised to N3LO QCD with NLO

EW corrections

- VBF, VH, (ttH) signal: Powheg NLO, normalised to NNLO (NLO)

QCD with NLO EW corrections
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