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@L ) A Legacy of the LHC Run-1
EXPERIMENT 7\\\\\ \\ \\
* Discovery of a new neutral scalar boson, first in di-boson, then in di-fermion
decays' Production process Measured significance (¢) Expected significance (¢)
VBE 54 4.6
WH 24 2.7
. 3 2.9
* QObservations: VH 35 42
% H 4, 2.0
— H%vv' H%ZZ( )%4') Decay channel
H— 17 5.5 5.0
H%WW9|V|V H — bb 2.6 3.7
and H—> Tt decays. /| e
. : > 15 ATLAS and CMS
— Gluon-fusion and VBF production. Z [ LHC Run1
— Evidence for VH and ttH processes. S
el> 107 E
¥LL
* |Individual and combined ATLAS and CMS
measurements in Run-1 include: 107 E
— Mass and width } ATLAS+CMS -
. Y R LU SM Higgs boson |
— Couplings scale factors 107 M. ] fit E
— Spin, parity, tensor structure [ 68% CL
: .. [ ]95% CL
of couplings and CP-mixing. 104 . R
10 10?

107" 1
JHEP 08 (2016) 045 Initial compatibility with the SM predictions
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— ATLAS and CMS in Run-2
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EXPERIMENT A

* Both experiments had very successful data taking campaign during 2016 and

20 1 7 CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV
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e All results shown today, together with other latest studies can be found:
— ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

— CMS: http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG/
index.html
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A= ATLAS and CMS in Run-2

EXPERIMENT K&\ 11

* Updates of many analyses up to 36.1 fb! collected at Vs=13TeV in 2015 and
2016. Re-observation of signal. Main focus:

— Observation of production and decay modes not visible or having limited
evidence in Run-1.

— Precision measurements of properties: couplings,
tensor structure, fiducial and differential cross sections.
Possibility of measuring cross-sections in exclusive bins
of phase-space: Simplified Template (ST) cross-sections.
Strategy outlined in the LHC XS WG Yellow Report 4:
arXiv:1610.07922v?2

2017

ook of LHC Higgs cross sections:
4. Deciphering the nature of the Higgs sector

ep-ph] 15 Ma

[h
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Couplings and rates
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§ ' Couplings and rates in H>Zz(*->4l (CMS)

Analysis in event categories enriched in

CMS 35.9 fb (13 TeV)
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arXiv:1706.09936 [hep-ex] pp = H + X SM cross section at up to N3LO QCD (YR4) page 7



Couplings and rates in H>ZZ)>4| (ATLAS)

Production bi : R d i HP
Stage 0 roduction bins Reduced econstructed event categories An a IyS I S I n tWO Sta ges .
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5.1 o (7 TeV) + 19.7 o' (8 TeV) + 38.6 fb' (13 TeV)

10°-CMS
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ATLAS-CONF-2017-043

CMS: analysis of the FS

kinematics of the H>4l decay.

ATLAS: interpretation of event

rates in analysis categories.

Overall fully compatible with
the SM. Upper limits on BSM

contributions

51 b7 (7 TeV) + 19.7 b (8 TeV) + 38.6 fb™' (13 TeV)
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Sompact Muon Solencid

@ “° Couplings and rates in H>yy (CMS)
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EXPERIMENT A

14 event categories, depending on the

production mechanism and di-photon kinematics.
CMS Preliminary H—yy 359 b (13 TeV)
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~~ Couplings in H>yy and H>ZZ(")->4l (ATLAS)

Combined total and by production mechanism cross section measurements.

| ATLAS Preliminary
[ AH-yy O H-ZZ*—4

80 [ ¢ combined data
| systematic uncertainty
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QCD scale uncertainty
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Vs=8TeV, 20.3f0"
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ATLAS Preliminary
Vs=13TeV, 36.1 fo'
H—-yy and H>ZZ2*—4l
mj, = 125.09 GeV, |y, |<2.5

—

Measurement  ed
1 & ]
' = ! Stat. uncertainty
Syst. uncertainty D
I E .I SM prediction I
L
1 1 1 1 I 1 1 1 1 l 1 1 1 | l 1 1 1 1 I 1 1 1 | I 1 1 1 1
0 1 2 3 4 5

Cross section normalized to SM

Total pp = H + X cross sections compared to SM predictions at up to N3LO QCD
(with POWHEG NNLOPS acceptance corr.)

Cross sections for ggF, VBF, VH, and ttH are normalized to the SM predictions
assumption of SM branching fractions. Overall good agreement except for the

VBF.

ATLAS-CONF-2017-047
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§Couplings in H>yy and H>Zz("=>4]| (ATLAS)
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LAs = Simplified template cross-sections

EXPERIMENT K&\ 11

 Coupling measurements framework proposed by the
LHC Higgs Cross section working group (YR4) for the
LHC Run-2.

— Extends and complements scaling coefficients
framework implemented for the Run-1.

— Agreed by ATLAS and CMS Higgs groups and by
the theory community.

2017

Handbook of LHC Higgs cross sections:
4. Deciphering the nature of the Higgs sector

Report of the LHC Higgs Cross Section Working Group

ep-ph] 15 May

[h

* Common approach to all Higgs decay channels,
allowing easy combination.

ZZE9%
g
=

ieri

arXiv:1610.07922v2

— Measurement of CS in exclusive regions of phase
space. e

mEvEr0mOyD

— CS measurements per production mode. @)

— Measurements in exclusive regions of phase
space —"STXS bins”.

arXiv:1610.07922 [hep-ph] page 13



“Compact Muon Solenoid

CMS,
LAS ==
EXPERIMENT MY T

L]

e The STXS bins are selected such as to:

H->vyy ST cross sections

— Minimize dependence on theoretical
uncertainties.

— Maximize experimental sensitivity.

— lsolate possible BSM effects.

 Theoretical uncertainties on overall signal cross

sections have no impact except for the cases

when they cause migration between categories.

ggH
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ttH
WH leptonic
ZH leptonic

VH hadronic

CMS PAS HIG-16-040

H — vy

T
4
N
N

i

:

H—bb H--WW

(E(E
II: =
|:

b+ ]
!
3

ratios of 'y, Tzz Tww L Crr

(Flw run)

3
§

!

[oom | [eten] [EG
| I‘%I

Lo

A
v
3

o(er)

> 9k

C|MS. If’rel/:min@r}lll Y ?5;9 Ifb'f(]BITeIV)
H-yy —m— Per process + 1o
_1.05 ey - SM Prediction )
i 0.6 132 my, profiled N
_2-2 s —=— i
i 3172 —a— :
_o.o W . )
i 417 } = h

ATLAS-CONF-2017-045

Gproc/ Gtheo

ATLAS Preliminary

{s=13 TeV, 36.1 b’
H—yy, mH=125.09 GeV
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EFT
coeffs

specific
BSM

ggH (0 jet) —

ggH (1 jet, p!! < 60 GeV) —
ggH (1 jet, 60 = p: <120 GeV) |—
ggH (1 jet, 120 = p: <200 GeV) |—
ggH (= 2jet)

qq — Haqg (pJT<200 GeV) —
ggH + qq — Hqq (BSM-like) —

VH (leptonic) |—

SM prediction

top —

0 05 1 1.5

Measured o x BR normalized to SM
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EXPERIMENT

H—>7Z")—=>4| ST cross sections

e Stage-0 and reduced Stage-1 measurements
in bins with enough statistics.

* Normalized to the SM expectations.

GggH/ cstheo = 120§§8
Oyar / Oiheo = 0'04:1):8:‘;
Oytnas’ Otheo = O.OOt(Z)igg
SVHiep / O = 0.00f(z):gg
thH / Gtheo = 00012)3

arXiv:1706.09936 [hep-ex]

CMS 35.9 fo' (13 TeV)
IIII|IIlI LI IIIIII|IIII|IIII
o H—ZZ*— 4]
lyul <2.5
stage-0 subprocesses
m, = 125.09 GeV
* |7 SM prediction
®
°
®
IIlI|IIIIIIlI|III||IIII|IIII
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ATLAS-CONF-2017-043
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() gs 'H->yy and H>ZZ->41 ST cross sections

i1e) — - -
a —  gg—H, Odjet ATLAS prellmlnary_1 ° Data -
S _ — \s=13TeV, 36.1 fb u |
23S " 9q—Haq
°r ggoH, 1jet VY and =2zl p<200Gev NN SM -
nl y my, =125.09 GeV, <25
o 10 = pi<60GeV My I * + —
X — -
& E L] — -
- gg—H, > 2-jet —
— . H < 200 GeV -
gg—H, 1-jet pr< +
i /qq— HIVHI
by m; ?(8) ] 60 Sp’T’ <120 GeV or VBF-like 99/q9—> 14 gg/qq—)ttH__
= — 16} ] H-1 , 3
— =14t ] r gg—H, > 1-jet —
— o1} + . 9gH, 1-et pH 2 200 GeV ]
B 1ol ] 120 < pt < 200 GeV + ggoHag 7]
8 P, 2200 GeV
Simplified template cross section measurements
. H DL LN L B UL BN B
99-H (0-jet) I-E-l ATLAS Preliminary
-
gg—H (1-jet, p" < 60 GeV) Vs=13TeV,36.11b
T H—yyand H>ZZ*—4l
1 99—H =125.09 GeV, 2.5
Merged STXS Stage-1 regions. Absolute (1,60 < p < 120 GoV) e V. <
o o gg9—H ! B. /B
and relative to the SM expectations. (1-jet, 120 < p* < 200 GeV) | ! Ba
H (> 2-jet, p <200 GeV
g%r_}VBF-Iikle) Pr= "H"

gg—H (= 1-jet, p" >200 GeV)

The slight excess in 2-jet category is + aq—Haq (5, 7200 GeV)

Measurement lof

=
| |
0.20.40.60.8 1 1214
I—E—-l Ratio normalized to SM

«— M

. 99—Haqq (P, < 200 GeV)
driven by the H>4l results. Stat. uncertainy
gg/aq—~>HiHlv Syst. uncertainty |:|
99/qq —ttH I—E—I SM prediction I

2 3 4 5 6
o, x B, normalized to SM

g B

ATLAS-CONF-2017-046
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Fiducial and differential cross-sections
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) M| H>yy and H>Zz2(->4l inclusive fiducial cross
EXPERLIMENT :TK\\\\\\\ \\ Sections

Cross-sections measured in a fiducial phase-space, closely matching the
experimental acceptance to avoid model-dependent extrapolations. Corrected for
detector inefficiencies and resolution.

19.7 fo' (8 TeV) + 35.9 fb™' (13 TeV)

-_ 100 T T | T 1T | LI I T TT | T 1T I LI I T 1T LI I TT
Data S - CMS supplementar .
. —— = - ” ]
ATLAS Preliminary [ Syst. uncertainties 5 oof PP y .
3 = — —
H = Z7* — 4] = LHCXSWG gzggH @N’LO + XH (o) - ]
A HRes 2.3, N°LO+NLL + XH - N
13 TeV, 36.1 fb’" ¢ MGS5 FxFx + XH 8o ava . E
#  Powheg NNLOPS + XH T ¢ Data (bestfitm,) ]
[ = syst. uncertainty B
—_ L — - —_ 70 = SM (m,=125.09 GeV) ]
21sf 245 8 90F - - norm. LHC Higgs XSWG YR4 -
16F L 4; © 80;_ 50 :_ - acc. AMC@NLO _:
1.4F 3.5 — 70F $ C ]
12fF af = w 60F 50— -
[ F C u L -
1 25F 50F & + - .
0.8 2F * a0f- ’ 40— .
n ] F = - -
0.6 15F + . 30F C .
04fF 1 20F 30— —
0.2 050 10F - ]
: b i 20 I_l I | | I 111 I 1 | | L1 I | I | I L1111 I l—l
F 283 2 & £ 2 T 7 8 9 10 11 12 13 14
jo) + [} =1
& & F 9 2 3 \s (TeV)
(0] < -
9 <
(Y]

Good agreement with N3LO ggF (YR4).  Good agreement with MG_aMC@NLO
prediction normalized to the HXSWG YR4

total CS.

ATLAS-CONF-2017-032  CMS-PAS-HIG-17-015 arXiv:1706.09936 ATLAS-CONF-2017-045 page 18
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XPERIMENT

N .

jet*
modes and gluon
emission in H>4l.

Overall good agreement;

worsens for ATLAS at
high multiplicities.

p;": Probing the
perturbative QCD
calculations for
different production
modes and searching
for new physics by
measuring the py 4 in
bins of jet multiplicity.

ATLAS-CONF-2017-032

Probing production

arXiv:1706.09936

3 3 C T T T i
=, L ATLAS Preliminary =~ —*— Data ]
o C HoZZ" >4 [ Syst. uncertainties 7
2.5 13TeV, 36.1 b NNLOPS & = 1.1, +XH -
C [ MG5 FxFx k = 1.47, +XH ]
o NN XH = VBF+WH+ZH-+ttH+bbH _]
C p-value NNLOPS = 33% |
1 .5:— p-value MG5 FxFx = 55% —:
£ [}] E
05— - [‘}] q] =
C ‘ 1
S N NN N 3
> 25— o
@ 2 —
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E 1.5 -
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()] 0.5 ]
0 2 >3
Njets
— 0.008 T .
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N“';' 0.006 MGS FxFxk =1.47, +XH  —|
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= ¥ 0.005F =
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e
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—
N
i)
=
©

Ratio to NNLOPS
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| H>Z7Z")>4l differential fiducial cross sections

CMS 35.9 b (13 TeV)
\ I T ]
i ¢ Data (stat. @ sys. unc.) 1
1 02 E m— Systematic uncertainty El
E SN ggoH (NNLOPS) + XH
L Y444 gg—H (POWHEG) + XH
10k 7] XH = VBF + VH + ttH (POWHEG) i

(LHC HXSWG YR4, m, =125.09 GeV) E|

p,(iet) > 30 GeV, In(jet)| < 2.5

il

>3
N(jets)

35.9 b (13 TeV)

CMS

1 g_ Systematic uncertainty _g

4 Data (stat. ® sys. unc.)

gg—H (NNLOPS) + XH
gg—H (POWHEG) + XH

XH = VBF + VH + ttH (POWHEG)
(LHC HXSWG YR4, m =125.09 GeV)

|

0000 ————

ONR DN BOD
HZ ZH

e e ey ey

o
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p.(H) (GeV)
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Anomalous couplings interpretation in
H>7Z%)>4]

T
. ATLAS Preliminary

25 Hoz7zr >4l
C 13 TeV, 36.1 b

x
o [fo] 2
=
<
Mz

T
—e— Data

[ Jsyst

NNLOPS £ = 1.1, +XH
[ MG5 FxFxk = 1.47, +XH

uncertainties

Limits on modified Higgs decays within the framework

2 e | OF pseudo-observables (Eur. Phys. J. C75 (2015) 128).
L p-value NNLOPS = 41% 4
1. :_p-value MGS5 FxFx = 54% + _:
b - I%]__f €21(1ef) AN €71igny) MoOdify the terms responsible for
. .+ 31 contact interactions between Higgs and left- and right-
seettssss - NANded leptons respectively, assuming lepton-flavor
§ i I : 1 universality. k,,, modifies the Higgs coupling to Z
1.5— _
§ S Ll b i -1 bosons.
bin 0 I bin 1 I bin 2 I bin 3 I b\i?s4
wn:0.8_ IAITI_lAlslprlefirﬁinIarlyl o * E_;I4TLAS| Plrlelilmlir;alryl o _E g
L Ho2ZZ* >4l osucLobs F H> 272" - 4l — 95%CLObs 1 '
0.6 13Tev, 36.1 1" * 22”, e 15F 13 TeV, 36.1 fb! * 35’\2/ oL Exp E
L e % xp it P ° X ]
I 1= s
0.4+ N o .
i 0.5- -
0.2- o- s
i 050 1
oF S N\
I -
_0_2__ -1 .52—
| | | | |

ATLAS-CONF-2017-032
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> | ATLAS Preliminary H—yy, Vs=13TeV, 36.1fb"]
g -¢- data, tot. unc. = syst. unc.
= m,, =125.09 GeV
_8_'_ = gg—H default MC + XH 1
\.3_3 99— H RadISH+NNLOjet + XH]
3 10-1k $ ==+ XH = VBF+VH-+ttH+bbH
[t I
. L ! *
1072F faonnes = :
1 4
] PRI IS N N T T T ----I------I- ----- ]
T L B B L B T T T
L 2
+
% —
= 15 Bl & e
3
[¢}]
20 +
; PR SR T SR [ T TR T TR [ SR TR SR TR ST SR SN SR SN T SN ST SR T N SR SR S S R T S S
-% 0 50 100 150 200 250 300 350
o p, [GeV]
ATLAS-CONF-2017-032  CMS-PAS-HIG-17-015

—
<

Ratio to aMC@NLO + HX ——

102

2

<
w

; n
o o
T

CMS Preliminary

| H->yy differential fiducial cross sections

35.9 fo' (13TeV

T I T I [T I [T

;_ + Data ggH aMC@NLO + HX _;
E ggH POWHEG + HX ;%F E
;%’if HX aMC@NLO ;;: —;
- g ]
= ’ 2 =
T3 , =
= ' ' =
- ¢
= e
T
S 0 . Y im _________ ]
300 350 i() -

p? (GeV)

p;": Broad compatibility with the MC predictions. Getting worse at high p-".

On Higgs properties in di-boson decays, see

more in presentation by T. Dai
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Higgs mass and width

Phys. Rev. Lett.

114. 191803 215

ATLAS‘I: and CMS
LHC Run 1
ATLAS H—yy

CMs H—-yy ==
ATLAS H—»ZZ 41  f——

CMS H—ZZ -4l

ATLAS+CMS 7y HEIH 125.07 £ 0.29 ( £ 0.25 + 0.14) GeV
ATLAS+CMS 41 |-—4}E|—| 125.15 + 0.40 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l a——a
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
123 124 125

m RUN1 = 125,09 + 0.24 GeV
i Total Stat. £ Syst =125.09 £ 0.21 (stat.) +0.11

Total  Stat. Syst.

H—e—e=—11 126.02+0.51 (043 0.27) GeV (Scale) +0.02 (other) +0.01
124.70 + 0.34 (+ 0.31% 0.15) GeV
124.51+ 0.52 (+ 0.52 + 0.04) GeV (theorY) GeV

—=—— 12550 + 0.45 (+ 0.42 + 0.17) GeV

5 fblat Vvs=7 TeV and 20 fb?! at

125.00 0.24 ( £0.21+ 0.11) GeV Vs=8 TeV for both experiments.

Run-2 ATLAS measurement in 4l + yy with 36.1 fb! at 13 TeV.

P IR T ST N SO S SR SR E T S S N T . « g
26 727 28 729 Dominated by stat. uncertainties.

m,, [GeV]

2 14F AT1AS Preliminary | —ﬁomgggd N =125.98 £ 0.19 (stat) £ 0.21 (syst) GeV
o N 1 — - 1
¥ b f=13TeV,36.1 1 —Hom E N e
- at. only ] ATLAS Prelimi
10} o ’ {5 - 13ToV, 36.1 " e Toul St [ Syst
8:— _: Total  Stat. Syst.
E E LHC Run 1 p_E_|I 125.09 £ 0.24 (£ 0.21+0.11) GeV
6_ ] N (120 01 =0 & [ 01 0 10 o o
C ] HoZz* 4l i == { 124.88 + 0.37 ( + 0.37 + 0.05) GeV
4__ ............................................................ ] |
E E H-yy | — 125.11+£0.42 ( £0.21+ 0.36) GeV
2_ —
R . S T, ST T ERREERE . Combined FE—l 124.98 +0.28 ( £0.19 + 0.21) GeV
o | . . . . 7 | 3
124 125 126 154 12I4.5 12IS 12I5.5 1é6 12I6.5
m,, [GeV] m,, [GeV]
ATLAS-CONF-2017-046 :>(see dedicated presentation by N. Bruscino)  page2s
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CMS measurement in H=>4l channel with 35.9 fb! at 13 TeV. Precision exceeding
the Run-1 combined ATLAS + CMS 2-channel measurement!
Dominated by the stat. uncertainty. m, =125.26 + 0.20 (stat) + 0.08 (syst) GeV.

CMS 35.9 o' (13 TeV)
1 8_""|"" T L IR N CMS 35.9fb’1(13TeV)
£ | =oAL AR
< 7F 4 F
(a\] - o T
I 6F I 8_ Observed ]
L - Expected
5F L
F 6 _
V2 SN WS DN SO O A N0 A e -
L — 4u i
3F — 2e2u eSS 95% OL
F — 4de B
2F — Combined I
E ------ Combined (stat. only) ) —
L A A Wy A - 68% CL|
o S T T RSS2 VAV V. Qe e L L
120 121 122 123 124 125 126 127 0 0.5 1 1.5 2 25 8
m,, (GeV) Iy (GeV)

Direct measurement of the Higgs width based on the on-shell Higgs production.
No assumptions on BSM physics. Limited by experimental Higgs mass resolution.

I';<1.10 GeV at 95% CL

arXiv:1706.09936 page 24
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separation in each channel.

Evidence for H>bb (ATLAS)

* Search for W/Z associate production of H=>bb using 36 fb-! of data.

— Cleanest channel. Leptonic decays of e/w bosons allow for easy triggering
and rejection of multijet background.

— ZH->vvbb, WH—2>Ivbb and ZH-2>llbb final states: 0,1,2 leptons + 2 b-jets.
— Multivariate analysis, based on event kinematics. Trained to maximize S/B

107

Events /0.25

ATLAS
Vs=13TeV,36.1 b

0+1+2 leptons
2+3 jets, 2 b-tags

Il VH - Vbb (u=1.20)
| Diboson
tt
i Single top
Multijet
mm W+(bb,bc,cc,bl)
Wicl
W+l
Bl Z+(bb,bec,cc,bl)
m Z+cl
Z+1l

Pull (stat.)

arXiv:1708.03299v2

Observed significance: 3.5 st. dev. (exp. 3.0 st. dev). Validated using

log, (S/B)

—Tota

oL o

LANLIL L L L
ATLAS

o

I T T Y

11

[rrrrprrrr
VH, H(bb)  1s=13TeV, 36.1 fb"
Stat. (Tot.) ( Stat., Syst.)

+0.53 (4039 +0.36
045 o7 (lo375 034 )

+0.69 +0.40 +0.56
1.43 -0.59 (—0.38 » -0.45 )

+0.78 +0.51 +0.59
1.90 -0.64 (—0.49 1 042 )

+0.24 +0.34
(—0.23 » 0.28 )

v b b v v v by v by

2 3 4 5 6 7 8

Best fit p°P for m =125 GeV

di-jet mass analysis with consistent result. Z—>bb cross-check.

page 26
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Evidence for H=>bb (CMS)

» Search for W/Z associate production in the 0, 1, 2 — leptons + bb channels.

page 27

— Additional separation in p;V channels to increase sensitivity due to boost.

— Separate multivariate discriminant trained for each signal channel.

LI L B

LA LA N I B

L LI N B I

(7] LI N R _
g 1o’ = CMS + Data _ E
0 = Preliminary —— VH(bB) :
105 ;_ Is= 13TeV, L = 35.9 fb" - VH(bb) _;

- l_\ Background Bkg. uncert. 3

= ' ]

104 = -

103 = -

10 E- -

10 "

1 E 1 I 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 E
§i15:_ __;__ﬂawg‘_r‘J—iJ_iJ =
(&) C [

% 1 ™ 3

E B -

Q C 1
O'5-4 -3.5 -3 -2.5 2 -1.5 1 -0.5 0

log (S/B)

CMS-PAS-HIG-16-044

—_
o

35.9 b (13 TeV)
CMS Preliminary
pp — VH; H— bb
Combined = 1.2+ 0.4
ZH(bb)
L= 09+05 —
WH (bb)
W= 17+07 G =
0 lept.
L=0.0+05 ——
1 lept.
p=19+0.6
2 lept. -
W= 1F.)8 +0.6 '
T 2 e
Best fitu
mH = 125GeV  Significance Significance
expected observed
0-lepton 1.5 0.0
1-lepton 1.5 3.2
2-lepton 1.8 3.1
All channels 2.8 3.3




@) %S Combination with Run-1 VH—>bb

EXPERIMENT KA\ 11

IAITLlAIS | \I/Hl, |-I|(blb)l \!s=l7 TIeV: 8|Te\I/, al1ndl13|TeIV -

° ATLAS JHEP 01 (2015) 069 —Total Stat. IL dt=4.7 fb™', 20.3 b, and 36.1 fb™
o . (Tot.) ( Stat., Syst. )
— Compatibility of signal strength 7TeV| e .61 TS0 (e w0s )
. - -1.46 -1.13 7 0.
among WH and ZH is 34%.
Compatibility between Run-1 8 Tev ret 065 ‘043 (103 w028
and Run-2 measurements — 7%.
. . 13 TeV e 120 +0.42 +0.24 , +0.34
— Total significance: 3.6 (4.0) i o3 (s> -02 )
st. dev. Comb. |T 0.90 j3_'§§ (*015 + 070 )
ST S
e CMS: JHEP 08 (2016) 045. Best it uop for m,=125 GeV
* Total significance:
3.8 (3.8) st. dev mH = 125GeV  Significance Significance Signal strength
' ' ' ' expected observed observed
Run 1 2.5 2.1 0.8970%
Run 2 2.8 3.3 1.197939
combined 3.8 3.8 1.06705

Both experiments observe H->bb process in Run-2

arXiv:1708.03299v2 CMS-PAS-HIG-16-044 and in Runl+ Run-2 combinations! page 28
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é a A H 91‘1‘ u pdate _ 35.9 fb" (13 TeV)
Ny S [ T T
EXPEP!TMENT e | CMIS
* First direct probe of the Yukawa interaction. I - ]
I p=t. +0.40
— Established in Run-1 with the combination _ "o
ut,
ATLAS and CMS data. i et
I et,
u=0.58 *0.80 1
* Re-visited by CMS with 35.9 fb!: leptonic and eu
. . . 1=0.68 +0-69
hadronic t decays. O-jet, 2-jet (VBF) and i 88
. Combined
“boosted” (all the rest) categories. o0 53
35.9 b (13 TeV) L L
(D107 LI I LI I L I LI I LI IE 0 2. 3
c Jp— : : E Best fit u = o/c
o 16f —8— (Obs. - bkg.)bkg. |4 . SM
>10 14F i ¢ 35.9 b (13 TeV)
L 12 (H—11)/bkg. EN- —
0; Bkg. unc./bkg. 1 ~ CMS ] 68% CL
5 ‘oF E 1.8~ %
* o4 '3 Run-2only: z T it
1045 e - 'log'10('s_/?s'+é)') E; h: ¢ Expected: SM H(125)
10°E 4 4.9 (4.7) st. dev.
102:5 g . -
i ;°b3°'“e".“‘" 1 Combined with
10 [, 3 .
E eu — H-11 (u=1.09) E R u n - 1 b 0.4 :_
1 E Bkg. unc. 02l
10_1—3I = I—2|5I = l—|2I = I—1l-5I - I—I1I I -0.5 0 5'9 (5'9) St' dev' 00:' ‘ ‘o.lzl ‘ 'o.|4‘ ' 'o.les‘ ' |04|8I = : = ‘1.|2| ‘ '1.I4‘ ‘ I1{6‘ ' I1{8‘ =2
arXiv:1708.00373 log, ,(S/(S+B)) K,
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* Direct probe of the top-Yukawa coupling. Sensitive to the relative sign of k,
and k,, due to to the interference of LO diagrams.

— Very sensitive BSM probe.

* Final states with 2 same sign or 3 leptons:
leptonic top decays + Higgs decaying to

palrs Of WI ZI T. CMS Preliminary 35.9fb " (13 TeV)
— Separate BDTs trained to extract Il and llI 14 F pp - tH+fiH o Bt o
. H— WW/ZZ/TT +1 standard dev.
signal from backgrounds: ttV and tt. ol kiw +2 standard dev.
N olheo. x BR (y = 1.0)

CMS Preliminar 35.9 b (13 TeV CMS Preliminar 35.9 b (13 TeV
wHH\H\‘w”y‘w‘ { ew): ‘\“‘I“\“\‘y‘l“ T ( e\) - (T:?!_?O'XBR(H\/=1.O)

®

E "o~ Data s " e Data k! 1ol \ 3 -
2 [ i @ [ tH 3 ! \ v otheo. o BR (ky =1.0)
o - 3 < v E . L i v=1.
2 iz o iz 3 oy '
w mwz 3 w — wz ] Q
[tz W'W*, titt, VWV ] i [z, W'WH, i, VvV = Sed
[ Conversions R [ Conversions B o
a a m
.......... X
S

e +—6—+++

1 B T T S S SN A R R -3 -2 -1 0 1 2 3
BDT bin BDT bin

f%'t//iv
Upper limit on tH+ttH oxBR 0.64 pb for k,/k, =-1.0 and 0.65 pb (3.1xSM)
for k/k,=1.0 -1.25<k,<1.60 at 95%CL for k,=1.0 page 30

.
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0 0
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 The H>ZZ")>4| and H>vy analyses by
both ATLAS and CMS include ttH production

categories. Respective results can be found
in corresponding papers.

L]

* Multilepton analysis: targets events with at least one leptonic top and Higgs
decaying to pairs of W, Z, t. Events with 2SS, 3 or 4 leptons and b-jets.

— BDT-based background (ttW and ttZ) suppression in 2l and 3l channels.

Events

Data/pred.

CI\IIIS Pﬁe/imflzfry — 3:_‘9 fo! $13T?V) " 9M§ Preliminary 359 fb! (13|TeV) CMS Preliminary 35.9 fb' (13 TeV)

[, post-Hit icti 2 F . "

e W2 CNonpomet | B oo 3 post (S prcicton) m,, = 125 GeV

mttH [IRairest [JCharge mis-m. Lﬁ o |tH Wz Non-r;rompt ) 05

Eg;l Egvox g Total unc. eof W  [JRaresEITotal unc. combined u = 1.570:5

4 406
m=1870 For more results
on ttHbb see
— E 008 ]

s e i dedicated
1:2::-Stat. unc.  [Jtotal unc. :: 'Eé_ 0 9+2.3 prese ntatIOn by
}:‘2‘:: T 3 H= -1.6
a.g__iﬁ—bﬁ% JJ: W. Luo.
0.6L 3 : -1-050 05 115 2 25 3 35

1 2 3 4 5 6 7 8 0.0 ] > 3 4 5 X
BDT (ttH,ttV) bi - Best fit u(ttH)
(ttH,titV) bin BDT (ttH,ttttV) bin

Best fit ttH yield: 1.5£0.5 times the Standard Model prediction. Observed
CMS-PAS-HIG-17-004 (expected) significance: 3.3 (2.5) st. dev. page 31
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A Rare Higgs decay searches

e Searches continue for the rare Higgs decay modes, which - in the SM case —
are challenging to observe during the LHC Run-2.

H2>uu

35T T T T T T ™

> i i E 3 s

°© E E [ ATLA ]

53 F  ATLAS +Daa  —ggFx100 3 O E_ VBF tigh 13 TeV, 36.1fb" 3

~ r _ b o 30/ tight \s= eV, 36. -

S 1°E \s=13TeV, 361 fb [orell-Yan —VBF x 100 2 E yindof = 30.7/48 B

2} E 3 = E -

£ E MTop —VHx100 3§ ,F

i [ [Cbiboson B E —e— Data E
10° = El E —— Background model -

201

—— Signal x 20

=L

——— —— - =

Data/MC
v

115 120 125 130 135 140 145 150 155 160
m,, [GeV]

S HM SRR R L L

Tv % Eé:—.ﬁo : &“%’ﬂ, ‘:“* &:+’n‘$$*‘OB‘“H:—&;;‘"&%

0 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

H>Zy

14 T T T T T T =

> CATLAS o Data 3 100-AtLAs T Lo
9 12f- Vs=13TeV,36.1 6" — Background fit 9 [ Vs=13TeV,36.1f"  — Backgroundfit |
~UE) 10: VBF-enriched "1 Signal x 20 E -g 80— ¢ high p,, "I Signal x 20 N
o E m,=125GeV 1 4 r my=125GeV 1
! 4 W60
6 E 40
' Uit
20
2 1 RUlL [
- 0 i fod 1 l L | - G’
ic 5+ i
P G +L i ‘Mﬁ h o 3 +1 Lulu B "
T T -10
o 115 120 125 130 135 140 145 130 e 115 120 125 130 135 140 145 150
my, [GeV] my, [GeV]

Events with 2 muons, classified using
BDT trained on jet kinematics. Two VBF
and 6 ggF categories in p;**and n*~.

Observed (expected) limit on oxBR is 2.8
(2.9) times the SM value, when
combining with Run-1 data.

Events with 2 leptons and a photon in the
FS. 6 exclusive categories for the SM
search: VBF-like, p;*of lepton pair, p;/m,,
of photons.

Observed (expected) limit on oxBR for
H(125.09) is 6.6 (5.2) times the SM value.

PRL 119 (2017) 051802 arXiv:1708.00212 See also presentations by K. Gregersen and K. Leney  page 32




Summary

25\
EXPERIMENT A

X2
/9/)

ATLAS and CMS are making outstanding progress analyzing the LHC Run-2
data.

* Di-boson decay channels re-visited.

— Re-observation, measurements of couplings, rates, fiducial and differential

cross-sections, tensor structure of couplings, Simplified Template cross
sections, mass, width and more....

Focus on studies of Higgs couplings to fermions.
— Observation of VH—2>bb by both experiments.
— Re-discovery of H>1t decay by a single experiment.

— Evidence for ttH Higgs production — next exciting opportunity to study
Yukawa couplings.

No significant deviations from the SM so far. We are entering the precision
measurement stage — stay tuned for more results!

page 33
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* Discovery of a new neutral scalar boson, first in di-boson, then in di-fermion
decays.

ATLAS 2011 2012

\s=7TeV: |Ldt=4.6-4.81b"

* |Individual and combined ATLAS and CMS (s=8TeV: |Ldt=5859 b
measurements in Run-1 include: 2

— Mass
— Couplings scale factors

— Higgs width p

110 115 120 125 130 135 140 145G 1/50

- Spln and parlty cMsS \s=7TeV,L=51fb' \s=8T:\TT=I:5.3efb‘]
_ S e USR5 o as
— Tensor structure of couplings S \\“ //f/ﬂ/ 2o
. . Q [T 136

and CP-mixin e T\ E
g S \\// o
o o N

e Establishing initial compatibility with the = ) E

. . 10° = -
expectations for the Standard Model Higgs L {60

1010 | eeen Exp.for SMH —
boson' ?::T;Ez Hoyy+H->2ZZ ) . i?o
0416 115 120 125 130 135 140 145

m,, (GeV)

Phys. Lett. B 716, (2012) 1-29, 30 page 35



e (Observation:

— H->vyy, H>2Z2%)>4],
H2>WW-=>Ivilv
and H—> 1t decays.

Run-1 legacy

— Gluon-fusion and VBF production.

* Evidence for VH and ttH processes.

Production process Measured significance ()

Expected significance (o)

VBF 54 4.6
WH 24 2.7
ZH 2.3 2.9
VH 3.5 4.2
ttH 4.4 2.0
Decay channel

H— 1T 5.5 5.0
H — bb 2.6 3.7

u=0-BR/(0-BR),

ATLAS and CMS -8- ATLAS+CMS
LHC Run 1 - ATLAS
-+ CMS
B —zt1c
!‘L ——— —x2c
ggF ——
_+:._
VBF ————
—*E—
l'LWH - —
—*E—
“ZH = : =
= < — >
ttH : v —
.
H e
+—
IIII|IIllllIII|IlIIlIIII|Ill||IIII|IIll|IIII|IIII

-1-050 05 1 15 2 25 3 35 4
Parameter value

w=1.09""" =1.09+0.07(star) = 0.04(ex) = 0.03(th — bckg) ™" (th - sig)

JHEP 08 (2016) 045
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EXPE!_IMENT \\\\\ \\\
2 SM
K;: =0;]0;
= T LRI LR ™ g J/ g G..szo-i(k))'rf(k)
E[> 1- ATLAS and CMS i T
~ - LHC Run 1 J SM
B ATLAS and CMS -®- ATLAS+CMS
LL _ LHC Run 1 - ATLAS
= |> 107" E — CMS
MLL N i —lcinterval
K, _ _—:—_ — 2c interval
— =
102 E Ky -
$ ATLAS+CMS | " -
08ky #0000 T SM Higgs boson B :
: — [M, g] fit : | B
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o Run-1 legacy
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Two-parameters benchmark model
with only SM contributions to the
total width:
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—~ H>ZZ") >4l inclusive fiducial cross sections
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