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Recent news on SM and BSM
Higgs from ATLAS+CMS




LHC data-taking at 13TeV

CMS Integrated Luminosity, pp, Vs = 13 TeV
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Higgs Physics at the LHC
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* Major LHC Physics legacy of Run-1

* Many production mechanism and decay channels:
Spanning 3 orders of magnitude in x-sec and BR

* Run-2 emphasis: precision (yy, 4l), new exploration
(bb, tT, ttH,...), combination, kinematics, properties ...



Run-ll headlines: observations with

the 374 generation fermions!

Exp. Sig.
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Exp. Sig.
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New Observations!
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Higgs Discovery 2012 New adventures... ,



Observation of H(—>bb) decays

Phys. Lett. B 786 (2018) £q
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First observation of Yukawa couplings to down-type quarks! Best fit u

Run-1+Run-Il combination of H(=>bb)

CMS 5.60 (obs), 5.50 (exp)




Observation of Higgs Associated

Production with Top Quarks

8 GGGOGG00060 < G  First direct access to top yukawa!
t * Experimental challenges
________ o * Complex final states (decays)
T * Enormous bgd (except yy) contaminations vs
small signal rates~O(o.5)pb@13TeV
7060600000t > §

* CMSobs.(exp.) 5.2(4.2) 0
511" (7 TeV) + 19.7 b’ (8Te‘.\/) gs:jvfez (13Tev) o ATLAS ObS.(exp.) 63(51) o
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ttH observation through single

channel: ttH, H—>vyy

* Observation and measurement of ttH production in the diphoton channel with 139 fb* of
full Run-1l data of ATLAS: obs./exp. 4.9/4.2 0

* Events classified in 7 “leptonic”/*hadronic” categories based on multivariate classifier

* Background and signal are modeled with analytic function forms

* Simultaneous fit to the m,, spectrum in these seven regions

ATLAS- CONF 2019-004

180
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m,, [GeV]
Measured Cross-Section: oug x By, = 1.59 1038 (stat.) T9-15 (exp.) 7912 (th.) fb

Comparison w.r.t. SM: peem = 1.38 153 (stat.) 1915 (exp.) To7; (th.)



ttH observation through single

channel: ttH, H—>yy

CMS-PAS-HIG-18-018

CMS Preliminary 415" (13 TeV
TT T II|III III:|I:II:|III|II
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ttH Hadronic BDT score

CMS ttH(=2>yy) results with partial dataset (NO 2018 inclusion)
Similar analysis with similar performance, difference in sensitivity largely due to incomplete
dataset: obs./exp. 4.1/2.7 0



Simplified Template Cross Sections

(STXS): Hybrid Fiducial

q t
g
q W,z
'
q N
g I i
ggF ~87% VH~4%  ttH~1% (+bbH~1%)
. . . (EWgqqH) (H + leptonic V)
» Defines the cross-sections in o = ve | [l [ wx T
exclusive fiducial regions. ] e
... [aq - WH |
* Minimize theory — _ Stage-0
imi Eimay] | 9 ZE] _ otage :
dependence, maximize = L.gg=zmy (inclusive cross section)
experimental sensitivity. ,,
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Invariant mass in H(—=2 4l and yy)
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High purity and clean final
state channels for precision
studies of Higgs properties

4l: Small branching fraction
(0.0124% at mH = 125 GeV),
final states are fully
reconstructable, S/B better
than 2

Diphoton: Small branching
fraction (0.23% at mH =
125.09 GeV), final states are
fully reconstructable, look for
a narrow peak on a smooth
background

10



Stage 0

ggF

STXS example in H>ZZ- 4l

Particle level Reduced
production bins StageT -=
= Oet (’%

=1-jet

Reconstructed event categories

~<
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N, =0, p;' <100 GeV

ATLAS-CONF-2018-018
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{00105 170820 |
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7427 24x5 |
0110 140%30 |
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30 + 25 41703 N
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1

Example measurement summary plot here: Cross Section * BR(H2>ZZ*->4l)
More similar STXS (*BR(yy)) are measured in H->yy, see: ATLAS-CONF-2018-028
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CMS STXS exploration in H2>ZZ-> 4l

CMS Proiminary 13711 (13TeV)  cMS-PAS-HIG-19-001

. H—ZZ—4l
m,, profiled Gy (fb)
ggH-0j/pT[0,10] 0.87' 2> 0.80
ggH-0j/pT[10-200] 1.06%° 2.53
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. +1.17
qu-ZJI/mJJ>7OO 0.93_&.98(23 —a—| | 0.07 Sta g e1.1
qaH-3j/mJJ>350 2.897% = | 0.04
qqH-rest o.oo_*jgtf:_—'—| 0.25
qqH-2j/pT>200 0.00%" 0.02
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VH/pTV>150 0.00%) > m—— 0.03
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STXS in H(—=>bb)

Cross section measurements of WH and ZH in different p(V) regions in the STXS framework

Further categorized in o/1/2-L W/Z decays
Main background is V+jets (in particular b-

jets) and ttbar, relies on a good simulation,
but is controlled in the mass side-bands
and control regions!
To be Combined with other channels in
STXS framework
g ; ATLAS VH, H—bb, V—leptons cross-sections: ;
a L {s=13TeV, 79.8 fb™ ® Observed ==Tot. unc. == Stat. unc. i
Ei’ 108 - , =SM [[JTheo. unc. -
X F V=W V=z ]
I o ~ I _
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o
w

0.25

0.2

Normalised to u

0.15

0.1

0.05

| ©
—

arXiv:1903.04618
_III|III|III|III|III|III|III|III|III|III_
- ATLAS Simulation :
~Vs=13 TeV = Total signal ]
L 1lepton, 2 jets, 2 b-tags 150 < pl < 250 GeV]
—p/" > 150 GeV "Tot pp>250GeV .
B m—= All background : E
- e e S
- - P
__ ] --:-_l-- —.I __
- | 1
L - 1 | I
;.HJTN||||||||||||||||||||||-|—3—g;_
-0.8-0.6-04-0.2 0 0.2 04 0.6 0.8 1
BDT,,, output
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Measurement H—>tt decays post

observations
CMS-PAS-HIG-18-032

ey, ggH 415" (2017, 13 TeV)
77.4 0 (13 TeV) = 10°F T | | T | |
CMS I Observation 8_ CMS D u—7t embedded |:| QCD multijet \:l Z-ll
. = 107+ Preliminary Ot [ Waet Bl oiv
Preliminar e Sl\/_l expect-tion L +jets 1boson
Y sc-le @ PDF @ as @ BR uncert-inties 3 .
u o 108 [ ]singlet Bkg. unc. = gg—H,bbH
roc 3
. P = — VBF+V(qq)H =— V(ep)H+ttH @ Data
——t 1 =0 Jet -0.40 T?),;g 5
. : Z 10 _._,—07
g —— pH[ 0, 60] -0.3471% %/
’ 1 ﬁ
2 5 ' 14 H 1.06+156 ~ 10*
T o 9 l—w—lI = et pr [ 60,120] 26715 Z
o J =z
2Zg —— pH 120, o] 1.80*138 ©
TS :
1 g < —— > 2 Jet 0.47 7go8
gmz R
1
rer Inclusive 0.36°93°
; o VBF topol 1.00*932 *
g ! pology -UU 029 1 | | | | |
ot ]
T & x —— V(ga)H topology 175G 0 Jet
= o0 9 F
gz = —+e—  pl'>200GeV 1417702 2 ! ! ! ! [T !
< g g H o7 ® Data =—gg—H+bbH+bkg. = VBF+V(qq)H+bkg. Bkg. unc.
> g CLg —t Rest -1.06758 1.5¢
m 2 g '
>z 2 ' 4030
b gl Inclusive 1.037)% 1 o
PR A S S R N A A S M M A S A S T S M A M M S e
-5 0 5
Best fit Mproc = Uproc/USM 0.5¢ | | | |

» Targetting ggF/VBF production modes.

* Improved background modeling for genuine taus (embedding) and reducible bacll<\lg
Classification using a Multi-Class NN technique with 8 categories.

* Splitthe ggH, bbH and VBF production modes: o(gg—H,bbH)BR(H—1T1)=1.11 + 0.81 (stat)
+ 0.78 (syst) pb and o(VBF+VHqq)BR(H—1T1)= 0.34 *+ 0.08 (stat) + 0.09 (syst) pb. 1

out u



STXS combination

ATLAS-CONF-2019-005

E 20 | ATLAS Preliminary H—yy
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STXS results assuming the SM BRs

ggH
I

2 . 4

O-jet

1-jet

=2-jet

ATLAS Preliminary e 1otal Stat. === Syst. || SM
{s=13TeV, 36.1-79.8 fb™
my =125.09 GeV, IyHI <25
P, =81%
Total Stat. Syst.
gg—H, O-jet o 118 £0.13 (£0.10, 0.09)

gg—H, 1-jet, p! <60 GeV 3= =51 053 5ag (_g31: —0.21)
gg—H, 1-et, 60 < p < 120 GeV = 0.82 1033 (+028 4047
gg—H, 1-jet, 120 < p <200 GeV s 118 1958 (1058 0%
gg—H, 2 1-jet, pH > 200 GeV Fes= 179 1052 (058 4032
99—H, > 24et, plf <200 GeV e 102 %045 (oze ‘020

+0.39  +0.32 +0.22

qq—Hqq, VBF topo + Rest
qq—Hqq, VH topo
qg—Hqq, P/, 2200 GeV  H—=a==—

—e=— .
011 100 (_0e8 -0.21)

1032 4025 +021
hee=H 137 530 (Zo24 -018)

+1.19 +1.15 +0.29

+130 ,+1.15 +0.61
088 18 (1100 064

qq—Hilv, p¥ <250 GeV
qq—Hlv, p¥ > 250 GeV

4
99/aq—Hil, p¥ <150 GeV I——g%—l 085 579 (61" —0.49)
99/qq—Hil, 150 < pY < 250 GeV i 0.62 10.68 (t?,;g;, +0.38)

g9/qq—Hil, p¥ > 250 GeV

+0.75 ,+0.57 +0.48
-0.71 1 -0.56° -0.44.
+0.72 ,+0.61 +0.39.
-0.68 ‘-0.57 -0.37

+0.82 ,+0.63 +0.52

1094 4081 +0.47
E=—1 184 g (077 029

2 4 6
Parameter normalized to SM value

> pr(H) < 60 GeV

pr(H) < 200 GeV |+

»| 60 GeV< pr(H) <120 GeV

| 120 GeV< prt(H) <200 GeV

> pr(H) > 200 GeV (BSM)

EW qqH (VBF+V(had)H)

VBF topology
| (mjj> 400 GeV, An;; > 2.8)
+ rest
N VH topology
(60 GeV< mj; <120 GeV)
= pr(jet1) > 200 GeV (BSM)

H.Yang
LHC Seminar
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VH, H(=>WW) at 13TeV

Measurement of the Higgs boson production cross arXiv:1903.10052
sections via associated WH and ZH production using
H—WW:x—2vlv decays. * Compatible with SM
& e Within 1.3(2.5)o of
| SM for WH(ZH)

70
v
S WE
0~ o
wF
v

L * Observed (expected) VH
7 q significance: 4.10 (1.90)
_ +0.8 +0.37 TU.OoU/ _ +0.9
puva = 2.5755(stat.)” 5c(theo syst.) " o5(exp syst.) = 2.57 ¢
%140_—1x|!\|x|||!\|— E3_||||||||||||||‘\\\\‘\|||
9) - ATLAS 4 Data , 1 g 6 I T T T T ] Q C ATLAS —68% CL
< 1201 {513 TeV, 36.1 fb! Uncertainty a t ATLAS -¢- Data Uncertainty - L ]
> [ WH - Iviviv [ z+jetsizy c L L EBWH p=2.3) [ZH @=2.9) ] 52,5_— Vs=13 TeV, 36.1 fb'1 —95%CL
£ 100 105 quark CR I wH 4 5 5 Vs=13Tev,36.1fb [ Other Higgs M WZWy* T B vk Best fit ]
g r Wz ] C | WH = viviv Cvw mzz ] + F
w 80:— v —: 4:_ Z-depleted [Jtop-quark _: o 2 ® SM —
60 2z ] F . T ©
[ [ Jtop-quark ] sl A = _
40F . ’ ]
20k — 2 _: —
o 3 e ‘
g ]
..\‘E 2 —— 0 | . I i
S e e e e, 40 = Bint  Bin2 Bin3 Bin4 Bin5 Bin6 .
O| | | 50I | 1\00 | \15IO | 2I00 | L \25I0 ‘ . 2 25
B
m, [GeV] 0'ZH H— WW [pb]

High purity CR for Top and ZZ backgrounds
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Combination of Main Decay and

Production Channels Towards HL-LHC

M. Kato

Aspen 2019 ‘ | Vs = 14 TeV, 3000 fbo™' per experiment
;)t?l o ATLAS and CMS
—— olatistica HL-LHC Projection
ATLAS+CMS Run1 ATLAS Run2 ATI'_'lt‘_SI‘_’;_lC(':\"S — rbenmenta A st

Tot Stat Exp Th

K~ 13% 9% 1.8% Ky = 18 08 10 13

Rw 11% 8.6% 1.7% Kw =— 1.7 08 07 13
...... 5211%72%15%](2:_15070612
g e %2 KeE s |

Kt 30% 14% 3.4% Ki b= 3.4 09 11 31
/ﬁ;b ................... 26% ....................................... o e Kb= ............................................................... s R
Kr  15% 14% 19% e 19090815 |

T s B e

2018045 e e - - - - 20200134 Kz, B 9.8 72 17 64

Improved TH and PDF uncertainties by a 0 0_62 0_64 0.66 0.68 0]_1 0_11 2 0_|14
factor of 2 w.r.t. current (motivated from .
current PDF studies and current TH Expected uncertainty

uncertainties assumptions)
HL-LHC: high-luminosity LHC (~2026-2038), 3000/fb per experiment at /s = 14 TeV

In need of theorists’ efforts for those with theo. unc. dominance © .
1



Quick glimpse of the rare decays

ATLAS CONF-2018- 026 ATLAS: JHEP 07 (2018) 127
> >, > e ———— 1OQCMS Pre/:mmary ‘ 375 fb (13 TeV)
z s [ ] >10°F T T E
(\j 50*VBFt|ght \s=13TeV, 79.8fo" 2 2501 ATLAS - G B 3
2 ’ ] - r \s=13TeV, 35.6 fb”" ] - —+— Data
E x?/ndof = 31.2/48 H-spp analysis 3 g I + H%d} ] I o0 —— Background 1
40 — Q C N %) [ -----= Model Boson Signals 7
—e— Data ] Lﬁ 200? v p'v € 10 =
" Background _f E + E lj)j % H —> j/\" j/\l’ %
: ] 150; + + + ++ 7: L . (Charm) ]
20:_ ' 100i + ¢ Data + + 1 1 E ; f i _E
n C —— Background Fit +1o + ? E .|
10 - + [ Background + o C ]
F 50‘+ ¢ [ ] BH-0y)=4.8x10°* ] r ]
ok v [ Bz—on=0.9x10° 7 107 : _
42— _z ol | | | | el : £ . T T M
=g of = = 10F ” + + '% 40 60 80 100 120 140
5 _gg +ﬁﬂ+ #ﬂﬁ Lttt +¢#4+ﬁ -;0;3 ++++Hﬂnun++n#aﬂnﬂ+ﬂ#“++gﬁﬁj* Ma (GEV)
-4 —f S %90 100 1i0 120 180
110 115 120 125 130 135 140 145 150 155 160 [GeV]

ATLAS: PRL 120 (2018) zmifeéloz ATLAS: JHEP 10 (2017) 112 CMS_PAS-HIG-18-025

E

4 Data

>
1045_,4n_,qs - Prefit | 8 - ATLAS —eData ] 0Zc|v|$ P?e//minary‘ [ | 375 fb“I (13 TeV)
E Vs=13TeV,36.1fb" — Fit Result 3 12F Vs=13TeV, 36.1 fb™ — Backaground fit | > 1 T . T S T =
F 2 c-tags, p? 2 150 GeV M Z +jets . - r i had e g ] o =
i i ]fzfz i 4"5) 10 VBF-enriched %Signal x 20 ] E?) A —+— Data 3
, 100 - - ] o m.=125GeV 1 ot —— Background .
2 E H — CC L E C " ] ) AN Model Boson Signals -
5 E I ZH(bb) 1o g B 2
> ~—— — ZH(ct) (100xSM) ] g 10 |
i e - ] > E 3
é 10§ E 6 3 W E H - YY ]
B 1 1 - beaut 1
OSSN i h - ( Y) ]
10 } = ol N
- 3 2 E E
1 _' 0 | (1] Tlow E F : ]
E 0 L L L i
3 = T - : B
3 — = , L 5 N i
- A O W E : .0 ke 10k §
3 10— + ' i i 8 o6 Teo T T £ ‘ Ldo il : 3
gg'g;:m.‘.\...\..mf‘.u.}].. ||‘: 8 _5—”“‘ = o L ] 20 40 . 80 100 120 i
08080 100 120 740 160 180 200 115 120 125 130 135 140 145 150 M,, (GeV)

m_.[GeV] my, [GeV]



Invisible decays of the Higgs (NEW!)

LN | g _,~* = Comprehensive analysis of
8 w0 SN many channels

2 q h g N X -

7\ X < * VBF most sensitive

o
o

N X
arXiv:1809.05937 * Includes a mono-jet and mono-
35.9 b (13 TeV) V hadronic boosted mode

g | ! ‘ ' ' ] 4.9fb" (7 TeV)+ 19.7 o' (8 TeV) + 38.2fb" (13 TeV)
o 1.4 CMS ] (\-Em‘r ——— — —
g | —e— Observed L o> i_ 90% CL limits _:
t 1.2 | g 5 B(H- inv) <0.16
T - --©- Median expected 5 a0 | 1
= - 1 2 107 F Hi _ E
Poo i ] : E iggs-portal models E
x 1 68% expected | Fa E _ ]
:; i ] b 107% - === Fermion DM =
- a 95% expected g Scalar DM :
2 I 107 g .
E 081 F Direct detection E
: : 10k XENON-1T E
g 0.6 F — LUX E
S [ 107 —— PandaX-ll ~
— E _ E
&) F CDMSLite E
o 04 107 _ —— CRESST-II 5
% g CMS: —— CDEX-10 3

10 fermion DM
;E_

E vl 1w

| L el

Combined VBF-tag Z(IhH-tag V(qq')H-tag ggH-tag 10 102

Br(H > inv) <0.19 (0.15) 95%C.L. See. CMS_PAS_HIG-18.008™ (Gev]
with Runi1+Run2 combination for latest ttH-sinvis 0

3
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H—2>inv. Combination (NEW!)

o
[0 ¢]
L

Upper limit on BH_ iny
o
»

o
~

| T
ATLAS

Vs=7TeV, 4.7 b

Vs=8TeV, 20.3fb™

Vs =13 TeV, 36.1 fo

— Observed limit

...... Expected limit +1c

...... Expected limit £2¢
All limits at 95% CL

II|III|III|III|I

: -------

C | I l | | ]
V(had)H Z(lep)H VBF  Combined Combined Combined
Run 2 Run 2 Run 2 Run 2 Run 1 Run 1+2

ATLAS
Beeseved _ g o4 s=7TeV, 4.7 "

H—inv

All limits at 90% CL Vs =8TeV, 20.3 fo” 1
Vs =13TeV, 36.1 fb’

Higgs portals
%% Scalar wWiMP
&= Fermion wimp
Other experiments

=== DarkSide50
== LUX

== Xenon1T

Cresst-ll

PandaX-Il

Lol L1
103 1

0* o
My [GEV]

The observed and expected upper limits on
BR(H—inv) at 95% CL from direct searches
forinvisible decays of the 125 GeV Higgs
boson and their statistical combinations in
Runiand 2.

Comparison of the upper limits at 9o% CL
from DD experiments on the spin-
independent WIMP-nucleon scattering cross
section to the observed exclusion limits from

this analysis, assuming Higgs portal scenarios
where the 125 GeV Higgs boson decays to a

pair of DM particles.
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Inv. Higgs at HL-LHC

(%)

SM

95% CL upper limit on ¢ x B(H— inv)/o

HL-LHC 14 TeV

30 ':f- LI I 1T 1771 l | I TN L | ] T 1TT [ 1T 1771 I T 17T ] T %j

. CMS Phase-2 i

— Simulation Preliminary .

25 - —

i ° Ldata =300 fb .

i - -1 i

il | [ Ldml = 1000 fb i

Lt -1 ]

20 . L, =3000fb i

1 ]

191 i

10~ o

o .
O 1 1 1 1 I 1 1 1 I | RN i e | l Ll gy l | I I 1 1 1 | l 1

150 200 250 300 350 400
Minimum threshold on ET° (GeV)

CMS FTR 18-016

CMS projection for VBF:
BR(H->inv)<3.8%

ATLAS projection for VH:
BR(H—2>inv)<8%

Combination VH and VBF and
consider ATLAS ~ CMS Br(H-2inv)

<2.5%

More can be found:
HL-LHCYR 1902.00134
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BSM Higgs searches: heavy bH(—> bb)

g "0000%—— b g b g “0000™ b q b

Search for heavy neutral Higgs bosons produced in association with b-quarks and decaying to
b-quarks with the results interpreted within Two Higgs Doublet Model and the Minimal
Supersymmetrlc SM. (more channels explored: check out arXiv:1901.08144 for bH(% L))

L]

T4 L T o e e e e e e IS s s s s s s s s
C 90 ATLAS Prellmlnary +Obs hMSSM B s . ATLAS Prel|m|nary ® Data I
- ;e Exp hMSSM o 10EVs=13Tev, 2781 Multi-b-jet background 5
805 Vs=13 TeV, 27.8 fb +16 hMSSM — S E — After fit (S+B)

. M_SSM scenarios +26 hMSSM ] 10° ---- Prefit background E
70 bbé, $—>bb Exp mmod+ — . i ---- bbo, 9— bb at 1 pb ]
B Exp mio® 10°E bbb 3jetm = 1200GeV 3
h = 3
10°E E
E 10° . E
10% T = ..... é
1;7 """ d e

E. 1 I I I T
- gﬁ 15 I If
P S S L SEPPFPPPRLY ¥ + ................... -
10#11‘1111]1 IR B SRR B R R 0.5 + N
500 600 700 800 900 1 OOO -600 400 -200 0 200 400 600
m,, [GeV]

More on MSSM Higgs results: m,[GeV] ATLAS-CONF-2019-010

Htt:JHEP 09 (2018)007 Hup: CMS_PAS HIG-18 010 CMS: JHEP 08 (2018) 113 23



Di-Higgs Prospects at HL-LHC

° CMS Phase-2 3000 fb' (14 TeV)
8 7 :_ A TLAS Pl’e|lm | nal’y _: g 10 E Simulation Preliminary Assumes no HH signal
S c Simulation and PI‘OJe(itlonS from Run 2 data 3 T - 95% CL upper limits - Median expected
L sb Vs = 14 TeV, 3000 fb E = - bbb S s
c E \ Systematic uncertainties included ] T - bbVV(lviv) - bbyy
2 sE. —e— bbbb E S bbzz*(4l) -e- Combination
w - \ e bbyy - \b/ 10° - [ Theoretical prediction . .

4= bbtt =

3;‘_ —e— Combination

F 102
oF S
1F

* Combine 4b, bbyy and bbtt (+bbVV from CMS) final states, 3000 fb™* at 14 TeV.
* When neglecting(including) syst.
* exp.significance 3.5 (3.0) 0
 the signal strength w.r.t. SM prediction to be measured with an accuracy of
31(40)%. Self-coupling constrained to —0.1(-0.4)<A,,,/AM HHH_z 7U . 5<A 00/
MM 1<6.9(7.3), at 95% CL, and the measured value of A, /ASM,,,.; is expected to
be 1-0+°'7(+°'9)—o.6(-o.8)
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Summary

When there is yet NO lepton collider, (HL-)LHC will remains the only Higgs factory. In the
event of a lepton collider, the role still remains despite the new collider would have
cleanness ©

All SM Higgs measurements perform consistent results w.r.t. predictions within current
accuracy (in need of higher precision!), third Generation Yukawa is established and to be
continued

Active program in both ATLAS and CMS and in between, to improve the measured
precisions on cross-sections, couplings, properties and explore the extended BSM scalar
sectors

A lot to cover... tend to be selective to the most recent and general topics latest results
(seeing parallel talks for more)

25






STXS results assuming the SM BRs

ATLAS Preliminary  —e—Total Stat. === Syst. | SM
(s=13TeV, 36.1-79.8 fb”
my, =125.09 GeV, ly, | <2.5
- [+)
pSM =81%
Total Stat. Syst.
gg—H, O-et ol 118 013 (010, £0.09)
et pH +0.39 ,+0.32 +0.22
9g—H, 1-jet, p7' <60 GeV = 0.53 _5a3g (031 —021)
| H +0.33 ,+0.28 +0.17,
gg—H, 1-jet, 60 < pi< 120 GeV HeH 0.82 ‘537 (Jo27 —015)
L H +0.68 ,+0.58 +0.36
gg—H, 1-jet, 120 < pli< 200 GeV == 118 563 (_0560 -0.28)
L H +0.62 ,+0.53 +0.32
g9—H, 2 1-jet, pif 2200 GeV H=- 179 j55 (o500 _0.268)
i H +0.48 ,+0.39 +0.29
gg9—H, 2 2-jet, pif <200 GeV [a==a 1.02 545 (Zo3g —024)
qq—>Hqq, VBF topo + Rest o= 137 95 (195 3%
119 ,+1.15 +0.29
, —e=— REI
q9—Haqq, VH topo 011 4100 (-098 -021)
i > H +1.30 ,+1.15 +0.61
gq—Haqq, p’r >200 GeV 0.88 158 (1100 —_0.64)
v +0.75 ,+0.57 +0.48
qq—Hlv, Py <250 GeV == 170 ;71 (056 -044)
v +0.72 ,+0.61 +0.39
qq—Hlv, py2 250 GeV —— 114 68 (Zos57 —037)
v +0.82 ,+0.63 +0.52
99/qq—Hll, pY <150 GeV == 085 ‘579 (os1r —0.49)
99/qq—>Hill, 150 < p¥ < 250 GeV R 0.62 068 (g 038)
v +0.94  +0.81 +0.47
gg/qq—Hill, p; 2250 GeV —==—1 184 5 (_077 _029)
+0.26 +0.20,
ttH + tH = 120 o54 (2017, 5'%g)
| I T T BRI P T T I
-6 -4 -2 0 2 4 6

Parameter normalized to SM value

V(lep)H ttH+tH
¥ ' ¥
WH ZH
B pr(V) < 150 GeV
Lo pr(V) < 250 GeV
> 150 GeV < p1(V) <250 GeV
% pr(V) > 250 GeV (BSM) |  pr(V) > 250 GeV (BSM)

« Overall good compatibility
with SM (p-value 81%)

- Statistical precision, in
particular in most BSM-
, : : : H.Yang
sensitive regions is still ' = .
limited: more data will help!
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H—2inv. Combination (NEW!)

Analysis NG Int. luminosity Observed Expected pgnv-value Reference
Run 2 VBF 13 TeV 36.1 fb~! 0.37 0.28700s  0.19 [36]
Run 2 Z(lep)H | 13 TeV 36.1 fb1 0.67 0.397017  0.06 [37]
Run 2 V(had)H | 13 TeV 36.1 fb~! 0.83 0.58T0%s  0.12 [38]
Run 2 Comb. 13 TeV 36.1 fb~! 0.38 0.215505  0.03 this Letter
Run 1 Comb. 7,8 TeV 4.7,20.3 fb~! 0.25 02710408 — [35]
Run 142 Comb. | 7,8,13 TeV  4.7,20.3,36.1 fb~1  0.26 0.171557  0.10 this Letter
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