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The Higgs Boson timeline at LHC

LHC HL-LHC

7Tey 8TeV

Runlé

2011 | 2012 | 2013 | 2014 | ‘eots ‘ 2016 | 2017 | 2018

14 TeV

5to7 xl
HL-LHC nominal
installation Juminosity

. energy

INJ ECTdR UPGRADE

TDIS:absorber
11T dipole & collimator
Civil Eng. P1-P5

splice consolidation
button collimators
R2E project

2019 | 2020 |\ 2021 | 2022 | 2028 )| 2024 | 2025 | 2026 ||||||||| 2038

Run 2 Run 3 HL-LHC:

Higgs Discovery ~140fb @13 Tev | MCHP | 300 fbl @13/14 Tev ~3000 fbl @14 TeV

CMS Integrated Luminosity, pp, vs = 13 TeV
CMS Average Pileup (pp, vs=13 TeV)
Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC
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Excellent data quality from CMS in Run 2



LHC Higgs Physics Menu

1. H properties from ZZ, WW, yy 3. Rare decays/production
* Mass and width « 2nd generation fermions (g, cc)
* Couplings « tHq/tHW
* Inclusive/Ditferential Cross Sections * Decays to mesons
¢ Quantum numbers (spin, CP) * Self-coupling (HH)
2. Coupling to 3¢ Generation 4. BSM searches
fermions « Anomalous couplings
« H-tau interaction in decay (H—77) + Exotic decays
« H-top interaction (ttH) » Additional scalars, ...

* H-b interaction in decay (H— bb)



Higgs properties: the mass P 11 ot o0

The single parameter that determines all SM couplings and x-sections

* Measured from peaks in high-resolution channels H—-727 —4¢, H—yy

Run 1 LHC combination: my; =125.09 £ 0.21 (stat) + 0.21 (sys) GeV

1;143?; recent S&Y{ﬁ 5%51%12{: oM | gy = 125.26 + 020 (stat) + 0.08 (sys) GeV

cMS 35910 (13 TeV) 8 CMS 35910 (13 TeV)
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Still dominated by statistical uncertainties



Higgs properties: the width

PRD 99 (2019) 112003

* Direct measurements in H—4¢, H—yy is spoiled by detector resolution

* Indirect constraints from couplings, or from ratio of on-shell and

off-shell production

Off-shell H tail is sizeable (~10% in SM)

4 )

2 2
on-shell 9g ' 9v O_off—shell 52 G2 o G
O-gg—>H—>VV FH ’ gg—~H-VV gg 9gv

Assuming identical on-shell and off-shell
couplings (no new physics in loops, ...),
I'y can be extracted from the ratio

-2 AlnL

e Most recent CMS result (H—4¢ Run I +2016-17):

0.08 < Ty < 9.16 MeV @ 95% CL)

10

511" (7 TeV) + 19.7 b (8 TeV) + 77.5fb "' (13 TeV)

| — Observed
| --- Expected

--- Expected, 2016+2017

W\IIT\l\III\I\lII\I\I\[IIWl\l

— Observed, 2016+2017




The width at HL-LHC

» Extrapolation of off-shell analysis to 3000 fb-!

* Expected precision

on I';: ~1 MeV (CMS only)

* Conservative assumptions on systematics

10

3000 fb' (13 TeV)
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arXiv:1902.00134




Couplings: Production and decay modes
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Couplings: combination

CMS combination of

YY, ZZ*, WW*, 77, bb, pup

with 2016 data
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Ratio to SM

EPJC 79 (2019) 421

Interpretation in k- factor formalism

Resolved loops

3591 (13 TeV)
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BR;,, < 0.22 @95% CL
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Couplings at Run 3 and HL-LHC

» Extrapolations to 300 and 3000 fb-!

CMS-PAS-FTR-18-011

arXiv:1902.00134

* Couplings constrained to few % by the end of HL-LHC

» Statistical uncertainty no longer dominant by then

300 fb' (13 TeV)

C MS w/ Run 2 syst. uncert. (S1)
. . w/ YR18 syst. uncert. (S2)
Projection
w/ Stat. uncert. only
BBSM =0
K“{ }
0.03 (Stat); 0.04 (S2); 0.06 (51)
K
w 0.03 (Stat); 0.04 (S2); 0.05 (S1)
Kz
0.03 (Stat); 0.04 (S2); 0.05 (51)
Kg
0.03 (Stat); 0.05 (S2); 0.06 (S1)
Ky
0.03 (Stat); 0.06 (S2); 0.08 (S1)
Ky
0.06 (Stat); 0.09 (S2); 0.11 (S1)
K:
0.04 (Stat); 0.05 (S2); 0.06 (S1)
KH i
0.22 (Stat); 0.22 (S2); 0.22 (S1)
0 0.05 0.1 0.15 0.2

Expected uncertainty

3000 fo' (13 TeV)

CMS

w/ Run 2 syst. uncert. (S1)
w/ YR18 syst. uncert. (S2)

Projection
w/ Stat. uncert. only
Bgsu =0

—_—
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——

0.01 (Stat); 0.02 (S2); 0.03 (S1)
———

0.01 (Stat); 0.02 (S2); 0.02 (S1)
——

0.01 (Stat); 0.02 (S2); 0.04 (S1)
—

0.01 (Stat); 0.03 (S2); 0.06 (S1)
e e |

0.02 (Stat); 0.04 (S2); 0.06 (S1)
—_

0.01 (Stat); 0.02 (S2); 0.03 (S1)
—

0.05 (Stat); 0.05 (S2); 0.07 (S1)
0 0.05 0.1 0.15 0.2

Expected uncertainty



Couplings from H—4¢

Analysis updated to full Run 2 dataset

CMS-PAS-HIG-19-001

 Categorization to target production modes

CMS Preliminary 2016 + 2017 + 2018 1371 ' (13 TeV)

>240?\I\‘I\I\\I\II‘I\II\I\\I‘I\\I\II\I‘II\I\\I\I‘\I\‘C

¢ Data
[T1H(125)
[Ja9—ZZ, Zy*
Wag—2Z, 2y*

(0]

O 220
Al
~ 200
[72]

CMS Preliminary 2016 + 2017 + 2018

based on full event topology
* 22 categories to match Stage 1.1 STXS bins

137.1 10" (13 TeV)
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Global signal strength, H—4¢:
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Simplified Template Cross Sections (STXS) in H—4¢

Cross sections per production mode, in standardized fiducial phase space regions (“bins”)
* Inclusive in decays to allow for combination

* Factorize theory uncertainty on overall yield from exp/th uncertainties in the measurements
) AHOW MVA analysis CMS Preliminary 137 1 fo (13 TeV)
RN RRRRE RRE RN RN LR LR LN R R

* Can be re-interpreted easily in terms of u’s, «s, . HozZ-4

m,, profiled
test of specific BSM models.. HP Osu ()

. ggH-0j/pT[0,10]] 0.87'5 ¢ 0.80
* Bins can be merged when lackmg experimental | o w000 10695 >3
+ Eg “stage 0”: bins = production modes ggH-1j/pT[0-60] | 0.78'0 2 0.88
ggH-1j/pT[60-120]| 0.82%) 0.57
ggH-1j/pT[120-200] | 1.527, % | HHm— 0.10
 ’ ggH-2j/pT[0-60] | 1.47 % | F+=— 0.16
_ ggH-2j/pT[60-120]| 159705 | H-m—] 0.23
ggH-2i/pT[120-200] | 1.1670+ | Hm— 0.11
ggH-2j/mJJ>350 | 0.00') 2 m | 0.10
: | ggH/pT>200] 0. 47*51’42 = 0.07
— —= o qqH-2j/mJJ[350,700] 1.7177 . | 0.05
et | [~ vt ] qqH-2j/mJJ>700 0.93%) ) —a— 0.07
— — — qqH-3j/mJJ>350 2.89775 - | 0.04
Pl | ji [U 350] | | i | 550 ] | ms; qqH-rest 0. 00+§;§I__‘_| 0.25
0 350 qoH-2i/pT>200 0. oogg@ 0.02
o0 o0 VH/pTV[0-150] 3. 21+118557 | = | 0.11
VH/pTV>150 0.007 > g—a3— 0.03
120 1000 qqH-2j/mJJ[60-120] 0.57%) 2 -m{+— 0.05

200 "-‘2]&[25 3]81 [I 1500 tiH’tH 007-}(‘)097? \|||||||||||\||||||||\||||||‘||||||||\O|'|Oﬁ||\|

~ oo JJ oo
26t g5 2 Fet o 0 1 2 7 8 9 10
Example: ggH Stage 1.1 bms 0/0gy,

CMS-PAS-HIG-19-001




STXS results from H—>'Y'Y CMS-PAS-HIG-18-029

* Analysis updated to 2016-2017 dataset
« STXS Stage 1 bins for ggH, VBF

CMS Preliminary

77417 (13 TeV)
B L RN

! I
[1h) -_H—yyy , ]
(O] r All categories . . 1
=5 30000 5/(S+B) weighted — CMS Plre'?m'.”a.ry — 7|74 fp .(1,3TG.V)
1= . — H— —
§ 25000 |- i gft;ﬁt = | i —&— QObservation N
- S — B component g ggH 0J | 1174 —
3 20000} o E ggH 1Jlow | 15 . SM Prediction —
< B 42 : ggH 1dmed | os% |
15000~ [ J+2¢c = H 1J hiah
g E ] g9 Igh| 209 m,, profiled —
~ 10000} = ggH 1JBSM | 18 |
o . ] ggH 2J low | o3¢ H
¢y 5000 E ggH 2J med | 27 —a— B
RN T T P D P e ggH 2J high | o6 # B
. . . ‘ ggH2J BSM | 28 e
1000 B component subtracted ggH VBF-like | o0 -— N
500§ E qqH 2J-like | 1.3 H=— B
. qqH 3J-like | o0 |
O B qu Other I().]0 HP? 1 1 1 1 _I| I 1 1 1 l 1 1 1 I 1 1 1 I 1 1
Fe ] -2 0 2 4 6 8
500 ‘ , , , , o
100 110 120 130 140 150 160 170 180 Sproc/ tneo
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Events / 0.15 units

Coupling to 3™ gen fermions: 7-H

CMS-PAS-HIG-18-032

« After H— 77 independent observation [PLB 779 (2018) 283]:

* Analysis extended to 2016+17 dataset
 Categorization using ML for ggH and VBF
« STXS Stage 1 measurements
. 77.4 " (13 TeV) 77.4 16" (13 TeV)
E T T T T I T T T T T T T | T T T T I T T T T I T T T T E
- — —rT —r — —T . 4 Ob: ti
C CMS 1 -IS+B an./bl‘(g. ‘ m CMS. ) I SMS::::)ZCI?:ﬁon
= Preliminary — (H—7t)/bkg. 7 Preliminary E= scale @ PDF @ as @ BR uncertainties
10° = ¢ (Obs.-bkg.)/bkg. = .
E E —— E =0 Jet -0.40 fg;g
4 _] 3 ! H ) 4137
107 E 42 1 08 06 04 3 g —1 Pl 0, 80] 0.34*5
. log, (S/(S+B)) 3 - § S -—Eo—- =1 Jet pi [ 60,120] 12615
- — o 2z
10°L | D_g g . P20, ] 1.80°118
E E &3 U +0.91
- 3 cTn:—') t I—O-Ti > 2 Jet 0.47 *5as
L i Dz &
102 3 = H-li Inclusive 0.367°0%
B ] . + VBF topology 1.00_"8'33
10 E_ _E - é g‘; ——t E V(qq)H topology -1.17705
- e e, ] Sz z te—  pl' > 200GeV 141418
- — — A o 1
1 B uc s, —= %8 H —it Rest -1.067215
E [ S+r|3 unc. [[llH-7t (1=0.75) 3 & g ; !
B ¢ Observed ] z = " Inclusive 1.03?3:23
1 0—1 P SN T N S T [N S NS S NSO SO ST SO NN ST SO | I 1 1 I I 1 1 1 { 1 11 | 11 1 | | I N | ‘ L1 1 1
-3 -2.5 -2 -1.5 -1 -0.5 -5 0 5

Iog10(8/(S+B)

0
)

Best fit Lproc = Tproc/Tsm
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Coupling to 3" gen fermions: b-H

S/(S+B) weighted entries

PRL 121 (2018) 121801

H — bb : Large BR, but difficult due to background
VH production most sensitive; analysis updated with 2016-17 data

Combining with earlier results from all production modes:
5.6 0 (5.5 exp.) — Observation in 2018

77.210" (13 TeV)

1000

500

- CMS

¢ Data
B vH H-bb
[ lvz,z-bb

7] 5+B uncertainty

60

80

A T T S N TN TR TR S T S
100 120 140 160
m(jj) [GeV]

agF

VBF

ttH

WH

ZH

Combined

<51f"(7TeV)+<19.8fb" (8 TeV) +<77.2fb" (13 TeV)

CMS e Observed
_ 10 (stat @ syst)
H—bb = 10 (SySt)
stat  syst
2.80 +2.08 + 1.30
| ——— 2.53+0.98+1.17
—— 0.85 +0.23 + 0.37
~—— 1.24 +0.29 + 0.24
- 0.88 +0.24 + 0.16
- 1.04 £0.14 £ 0.14
I I I PSSR S E TSI B e e sesrurur il SRR
1 2 3 4 5 6 7 8 9
Best fit n
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Coupling to 3" gen fermions: t-H

PRL 120 (2018) 231801

* Can be probed directly only in production (ttH, tH)

e ttH: direct observation in 2018

g t q t
~H H
g t q t

 from combination of bb, WW, 7z, vy, ZZ analyses with Run 1 + 2016 data

51t (7 TeV) + 19.7 fo " (8 TeV) + 35.9 b (13 TeV)
L L B L L L L B L AL LR

o 3B Combi
—— Combined
7 CMS ..... SM expected
30 — 13 TeV E
:/,é/ 5.20 — 7+8 TeV

50_:

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ttH

5117 (7 TeV) + 19.7 fb” (8 TeV) + 35.9 b (13 TeV)

@® Observed
CMS = +10 (Stat @ syst)
| , = +10 (Syst)
_ ' —— +2¢ (stat @ syst)
tTH(WW*) ———emg————
ttH(ZZ") L
tiH(y7) ———
ttH(zT) e
tH(bb) ————
7+8 TeV ~—-—-—
13 TeV o
i _ +0.31
Combined —gm— l’lttH - 1'26—0.26
PRSI SR S SRS S S TS T e o s e s e s e e e e e
-1 0 1 2 3 4 5 6 7

ttH
15



Coupling to 3" gen fermions: t-H

« ttH (H—bb) updated to 2016+2017 data: CMS-PAS-HIG-18-030
* 0,1, 2¢ final states

¢ Improvements in MVA techniques and b-jet identification

35.9 b (2016) + 41.5 fb™' (2017) (13 TeV)

 Significance: 3.9 ¢ (3.5 exp.)

T T T T T T T ‘ T T T T |
] CMS Preliminar
 evidence of decays to bb based on ttH alone y tot stat syst
. : +1.02 +0.54 +0.86
CMS Prefiminary 4157 (13 TeV) Fully-hadronic e -0.38 {06 054 -0.91
o 5\\\‘\\\\‘\\Illllll‘\\\\‘\Illllll\‘\\\\l\\\\‘\\ll_ ;
S 'E sLiblets,23btags) e Daa  [Msignal ; o4 019 +06
P o noge Wis  @singer Single-lepton - 1.22 *041 4019 40
2 L Postit Ofecc Dveess g Y 3 037 -0.18 -0.32
L% Wii+b Oti+v ; '
[ti+2b [l Dioson . . 1 +0.74 +0.39 +0.63
10° W5 S Uncertainty 3 Dilepton i 1.04 "571 035 0s0
102 i ! +0.43 +0.22 +0.37
E 2016 HimH 0.85 "547 022 035
10 ‘ 1.49 +0.44 +0.21 +0.39
2017 - . -0.40 -0.20 -0.35
1 e :
wnallunnnilnnnnlnonlannnlnnnlonalln oo s ‘
=N IR L LA L RN RS . 1 +0.32 +0.15 +0.28
I A A Combined H 1.15 "2 “015 -02s
& 121§ S . + () *\_*t_ ) J‘I'" +\\*\£ ; E ! | \ ! ! ‘ ! I ! ! |
T 055 [ 0 5 10
ju] E =
m] D-B:\(\)‘z\\\0\‘2\\|b|élld‘3\\\b‘4\.||d|4lllb‘\HO\‘\H(\)‘G\H(TB ~ -~
2 025 0.3 035 0.4 045 05 055 0.5 0.65 =
U = 0/0g,

ANN discriminant

Also, updated CMS results from:
+ ttH (H —» WW/17) [CMS-PAS-HIG-18-019]
* ttH (H — yy) [CMS-PAS-HIG-18-018]

+ ttH (H — 4¢) from the H—4{ analysis mentioned earlier [cMS-PAS-HIG-19-001]
16
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t-H coupling from tHq/tHW production [rexemsemxs

* Cross-section is tiny (~90 fb), but process is very sensitive to H-t and H-V
couplings, and their relative sign (because of interference)

q

b

“ CMS 35.9fb ' (13 TeV)

pp — ﬂ_\ll_;_ll[fH —&— Observed

H WW /77 bb/~ ---- Expected (SM) . .

35 o — 1|/ : [Tr/bb/yy Observed (Multilepton) o CMS anaIYSIS Wlth 2016 data

“xy = 1.0, resolved - Expected (Multilepton)
o E B T Qpeened () * Combines H—bb, yy and multilepton

e Expected (v
—e— Observed (bb) ‘ Channels

25
- Expected (bb)

* 95% upper limit on SM-like tH signal
strength: 25 (12 exp.)

20

15

* Analysis constrains k;
positive value favored by ~1.5 ¢

10 |

Kt 1 7



CMS-PAS-FTR-18-011
arXiv:1902.00134

future projections

tH production

» Extrapolations to 300 and 3000 fb-!
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Couplings to 2 gen fermions: p-H

* H—pu: very small BR, large bkg. (Z/y*, VV, tt)

 Invariant mass resolution is critical

* Results with Run 1 + 2016 data

* Sophisticated techniques for categorization

» Significance: 0.9 o (1.0 exp.)
« Still statistically limited

 Expect 10-13% precision on signal strenght with 3000 fb-

(benefits also of improved mass resolution in Phase2)

x10° 35.9 fb”' (13 TeV)
CMS All categories
10 & Houp S/(S+B) weighted

{i=0.7 for m =125 GeV ¢

Data

S+B fit

B component + 15 (20)
SM x10

S/(S+B) Weighted Events / 0.5 GeV
N
|

95% CL Limit on o/ogy,

PRL 122 (2019) 021801

14 TeV, 200 PU
=5 0.050 ———— —
< 0.045 ; CMS Phase-2 Simulation E

|:| H—u*y, Phase-2 —

—— Gauss Fit, Phase-2

0.040 E— barrel-barrel category
[ mass resolution: 0.65%
0.035 |

0.030 | arxiv:1902.00134 |
0.025
0.020
0.015F
0.010 [
0.005 |-

0.009 1:0

— . Gauss Fit, Run-1

120

5.0t (7 TeV) + 19.8fb" (8 TeV) + 35.9 fb™ (13 TeV)

7
F CMS = Observed

6 BEE Expected (background, 68% CL, 95% CL)

5 - --- Expected (SM mH=1ESGeV)

4 |
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my, [GeV]



Couplings to 2" gen fermions: c-H TR

* Direct search H—cc very challenging
» Low x-section; need c-tagging; large backgrounds

* Indirect constraint from pY differential x-section

* sensitive to k. due to interference between c- and t-
mediated loops in ggH production

(Yo daldpr,p)/(1/o daldpy )sm

* Constrain k. (and k), setting x, = 1
* Results from combination of H—ZZ, H—yy, 2016 data

0 20 40 60 80 100

,CMs 35.9 fo (13 TeV) prn [GeV]
%, Aot > 600) /250 . 2CMS 356910 (13TeV) L. 40CMS 369" (13 TeV) |
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O o Hiﬁ N . 1.50—H-2zz -6 30H—H-2z e -6
(o} - »_\(i(pT > 600) / 250 C r '
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IQ_I— ; ¢+  Combination 1 1; —15 20 7 15
_ﬂ 1072 ;, Syst. unc. ' i3 0.5 N, 10k A
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10°% ¢ Howyy i -3 0 3
E V unz ettt ~0.50 -
o ¥ H-ozz i : A, 1oL A
107 aMC@NLO, NNLOPS -1 -
" og, from CYRM-2017-002 ‘ g = —20F o
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A T T T TR o 'y on couplings (usep¥shapeinformationonly)
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Ditferential distributions: projections

(pb/GeV)

AG/Ap

Ratio to prediction

CMS-PAS-FTR-18-011

arXiv:1902.00134

* Obvious improvement expected in differential measurement with statistics

* Extrapolations 3000

bl

CMS Projection 3000 fb' (13 TeV)

0 Ew/ YR18 syst. uncert. (S2)
- Ac(p. > 600) / 250
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Assume SM dependence of BRs and
'y on couplings

(I'y and overall normalization contribute to
constraint)
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Couplings to 2" gen fermions: c-H

CMS-PAS-HIG-18-031

* First CMS results on direct H—cc search in VH (H—cc)

Separate analysis according to lepton multiplicity of V decays
and for resolved or merged c-jets

Advanced techniques for c-tagging

u<70 (37 exp.)

 using 2016 data

[ )

[ )

e Limit at
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Probing the H self-coupling

* HH production probes directly the Higgs boson

trilinear coupling Agypyp;
* Strong destructive interference

e Combination of CMS results from nonresonant
search in bbyy, bbtt, bbbb, bbVV channels

with 2016 data

bbVV

Observed 78.6xSM
Expected 88.8xSM

bbbb

Observed 74.6xSM
Expected 36.9xSM

bbtt

Observed 31.4xSM
Expected 25.1xSM

bbyy

Observed 23.6xSM
Expected 18.8xSM

Combined
Observed 22.2xSM
Expected 12.8x SM

CMS

35.9 b (13 TeV)

gg—HH

—— Observed

- -- - Median expected

P 68% expected
95% expected

30 40 506070 100 200 300 400
95% CL on o, /oM

Wy <22.2 (12.8 exp) at 95% CL

20

678910
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H self-coupling at the HL-LHC

* Extrapolation of nonresonant HH search to 3000 fb-!

)
=
N
Significance -

Channel Stat. + syst. Stat. only

bbbb 0.95 1.2

bbtT 1.4 1.6

bbWW (fviv) 0.56 0.59

bbyy 1.8 1.8

bbZZ((¢40) 0.37 0.37

Combination 2.6 2.8

CMS-PAS-FTR-18-019

arXiv:1902.00134

N
III\|\III|II\\|\I\I

CMS Phase-2 3000 fb' (14 TeV)
- Simulation Preliminary Assumes SM HH signal
3 | —— bbbb .
- —— bbtt f
: —— bbVV(lviv) .“
— + —— bbyy ?
2 bbZZ*(4l) ’
- —e— Combination

| 95%

68%

35, 1.9] at 0
[0.35, 1.9] at 68% CL
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Resonant HH search

PRL 122 (2019) 121803

Limits for narrow resonances decays to HH also obtained from the
combination of 2016 data analyses of bbyy, bbtt, bbbb, bbVV channels

CL102 -

95% CL limit on o(

— (Observed
= = =« Median expected
I 68% expected
[ ] 95% expected

35.9fb" (13 TeV)

i i
300 400 500 600 700

3050
m, (GeV)

Also, recent new results for resonant HH — bbZZ — bb{{jj, bbffvv [cMs-PAS-HIG-18-013]
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BSM searches

* Variety of searches for additional Higgs bosons and exotic decays of H(125)

* So far no excess or evidence and only exclusions in theory parameter space

&F CMS Preliminary
50 -
40
30 Ve

35.9 fb" (13 TeV)

tanp

[\S]
o
T

10

I:] Observed exclusion 95% CL

——“ Expected exclusion 95% CL
h(125)
EPJC 79 (2019) 421
A/Hh — uu
CMS-PAS-HIG-18-010
A/H — bb

JHEP 1808 (2018) 113
AHh — 1t
JHEP 1809 (2018) 007

] H — WW (Iv v and Iv qq)
| CMS-PAS-HIG-17-033

W ~ OO

H = hh (bbtr)
2 PLB 778 (2018) 101
H—tt
CMS-PAS-HIG-17-027
; A — Zh (Ikt)
1 1 ."/ ‘1 | ‘\l 11 l hMSSMl
130 200 300 400 1000 2000
m, [GeV]

Summary of searches in the hMSSM scenario with 2016 data

CMS Preliminary

35.9 fb' (13 TeV)

2HDM+S type Il
tanp = 2.0

[ ] Observed exclusion 95% CL

====== Expected exclusion 95% CL

h — aa — bbw h—aa — uutr
PLB 785 (2018) 462 JHEP 11 (2018) 018

I.-"'\HIII‘

LTI

il

- h — aa — pubb h —aa — trre —
E arXiv:1812.06359 HIG-18-006 3
- h —aa — puup ]
- arXiv:1812.00380 .
1 | | | | [ | 1 | | |

1 2 3 4 5 678910 20 30 40 50 60
m, (GeV)

Summary of 2HDM+Singlet searches with 2016 data
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Summary & Outlook

* A broad Higgs physics program is ongoing with Run 2 data

* Most of the measurements of Higgs boson properties are well established

* Established all main production (ggH, VBF, VH, ttH) and decay modes (ZZ,
WW, vy, 11, bb)

* Precision channels well into STXS and differential cross-section measurements

* Couplings to 3™ generation fermions already contributing to property
measurements

» Start chasing rare processes
 No significant deviation from SM prediction observed so far

* Results are being updated with entire Run 2 dataset — stay tuned!

e Much more to come with HL-LHC

Find all CMS Higgs-related publications and preliminary risults at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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