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Introduction

* The Standard model (SM) of particle physics Sta"da':d M°def' of Elementary Particles
three generatipns of matter
explains a wide variety of microscopic phenomena | MBI .
in a unified framework (Quantum Field Theory) o WU | ST | FET | 6 e
(;h' 1/2 u 1/2 C 1/2 t 1 3 0 H
® matters consist of quarks and leptons up charm || top gluon | Higes
. . . =4.8 MeV/c? =95 MeV/c? ~4.18 GeV/c? 0
® interaction between particles governed by " Olr®1:0| @
gauge bosons down strange bottom photon |
=0.511 MeV/c? ~105.67 MeV/c? ~1.7768 GeV/c? %91.19 GeV/c?
* The Higgs mechanism is responsible for assigning electron J{_muen tau J | Zhoson
. <2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c? =80.39 GeV/c*
mass to particles ool ®| ®
® Higgs boson is an evidence of the Higgs field eutring_J |_neutrino_J _nedtrino_J (W Poson

symmetry breaking

Y

* is the in-depth
investigation of electroweak symmetry breaking

*x A SM-like Higgs boson = H(125) was discovered
by ATLAS and CMS experiments of the LHC in 2012

4
[

m ¢
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Introduction

* 6 years after the discovery, the story continues
PRD 89 (2014) 092007

CMS Vs=7TeV,L=51f";Vs=8TeV,L=19.7 fb"
1 1 1 1 1 1 1 1

® precise measurements of properties

: : = acb B

» mass, couplings/cross-section 3 F I,
N m, = e 7]
. : 0 30 Czy", 22 =
® discover other Higgs decay channels o F B 2+ :
and production modes 5 °F E
L 20f- =

» H—1t, H—bb, ttH production of

® rare processes : H—= UM, H—invisible 10 ] -
e search for Higgs bosons beyond the SM 5; W 1 E
0 80 100 200 300 460 600 860
m,, (GeV)

* This talk will focus on the latest results available
with the full 2016 data (L ~ 36 fb')

e properties of H(125) HGGS
® BSM Higgs searches
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Compact Muon Solenoid (CMS)

MAGNET COIL
ELECTROMAGNETIC

 _ CALORIMETER peecuoweR \aon YOKE * One of two large general purpose detectors
N DETECTOR
of the LHC

* Smaller in dimension than ATLAS, but heavier

VERY-FORWARD
CALORIMETER

; © CMS : I5m diameter, 20m length, 12500

tons
SILICON STRIP
TRACKER PIXEL

DETECTOR L © ATLAS :22m diameter, 46m length, 7000
HADRON
CALORIMETER tons
BARREL MUON ‘ L
CHAMBERS (DT+RPC) ' :," CMS Integrated Luminosity, pp
CH%%E%?%%??RPC) 90 Data included from 2010-03-30 11:22 to 2017-11-10 14:09 UTC 00
; | —_— 2oio, 7Tév, 45.6 pb ! | | |
. . & 808 m— 2011, 7 TeV, 6.1 b 180
* 5 years of data taking and being analyzed > o2\ — 2012, 8Tev, 233 1" 1o
- '§ (L == 2015, 13 TeV, 4.2 b
- -1 2 60 2016, 13 TeV, 40.8 b 160
* 2011 at7TeV, L~51b R I € e 2017, 13 TeV, 51.0 fb '
| un 3 5o 150
x 2012at8TeV, L~20f" | =
el
- A 4 > - E 30 130
* 2015at 13TeV, L~ 3 fb’! 100 fb-1 &
S 20f 120
*x 20l16at I3TeV, L~ 36 b’ Run?2 £ 10 {10
[t
0 ‘ 0
x 2017 at 13TeV, L ~ 42 fb" 5 ey AP p® o of o o

Date (UTC)
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Higgs Production at LHC

Run| =) Run2

IIIIEIIIIEIIIIIIIIIIIIIIIIIIIIIIIIiIIIIIIIIIII

M(H)= 125 GeV =

LHC HIGGS XS WG 2016

IH

lIIIIIIIIIEIllllllllllllI|IIII|IIIIIIIII|IIII|'—I'

1 T 11

6 7 8 9 10 11 12 13_14 15
/s [TeV]

______ ) gluon fusion (ggH)
48.3 pb

q

. WIZ fusion (VBF)
3.77 pb

WH 1.36 pb
ZH 0.88 pb

ttH
0.50 pb

L tHq
0.074 pb
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Riggs Decay

* Most of the H(125) decays accessible at the LHC

\

3 1=
R
> |
£ - wWw
S 11
O 107E
Q -
m -
102 4
-3
10 = 7y
107

5 main production processes x 6 decay modes
=30 exclusive final states contributed to H(125)

120 121 122 123 124 125 126 127 128 129 130

21 March 2018

LHC HIGGS XS WG 2013

M, [GeV]

* Bosonic decay : ZZ (3%), yy (0.2%) as

the discovery channels with clean
final states, including WWV (22%) for
precise measurements

Fermionic decay : bb (58%) dominant
channel, Tt (6%) and P (0.02%) as

rare decay not discovered yet in
Runl — Highlights of Run2!
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JHEP 11 (2017) 047
CMS PAS HIG-16-040
H —D Z Z & H — yy CMS PAS HIG-17-015

* Measurement of mass of H(125) decaying to 4 leptons and diphoton channels

® sensitivity enhanced by event categorizations

CMS 35.9 fb' (13 TeV) CMS Preliminary 35.9 fb” (13 TeV)
%70__IIII|IIII|IIII| |||||||||||| ||||||||||||||||||||__ % :lll-ll|||||I|IIII|IIII|IIII|IIII|II|||||||:
© I ¢ Data - Otéo00 - 1254 GeV, i=1.16 i'%\l/l(gitBe;gj waghioc E
N or ] H(125) ] & J ]
— 601 N . . +£12000  Data —
» | [] q9—2z, zy - ) .
= - B g9—22 2" . 11110000 — S+Bfit -
o - ’ 4 = BE N e B component
> 50¢ B z+X 1 3 .
L N ] g 8000 — [+1o —

40 _ % 6000 — =20 —

- ] =

. ’ —~ 4000 -

30— ~
20 -
101

0_ L1l

70 80 90 100 110 120 130 140 150 160 170

100 110 120 130 _ 140 150 160 _ 170 _ 180

m,, (GeV) . (GeV)

mass (H2ZZ) : my = 125.26 £ 0.20 stat. £ 0.08 syst. GeV
I 2% more precise compared to Runl ATLAS+CMS combination
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Events/bin

(Obs. - bkg.)

Bkg. unc.
o

H—1TT

PLB 779 (2018) 283

* Second largest branching ratio (~6.3%) among fermionic decay channel

® lower background compare to bb

* 4 most sensitive channels (ep, eth, Th, ThTh) X 3 event categories (0-,|-,2-jets)

® targeting ggH and VBF processes

* Clear excess at m =125 GeV

* First observation of H—1t from single experiment

CMS

v, VBF 35.9 fo! (13 TeV)

' ' ' ' |
0< m; < 300 GeV

—
o
)

—_
o

—
Q

T T T T 1 T
1 300 <m, <500 GeV

+ Observed

: B o (u = 1.09)
# Z o

] - Z—uulee

ti+jets

I Wajets

QCD multijet

- Others
|:| Total unc.

= H—tt (u=1.09)

H ' ' I ' ' '
: 500 < m, <800 GeV m > soo GeV

63
+

~4- Obs. - bkg.
Bkg. unc.

.......... — Ho1t

....... FRAER f i skl A RIS, & # Wh AP e

-«
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I:I Bkg. unc.

- -——r - - -

4.90 (4.70 expected)
5.90 combined with CMS Runl

* Signal strength U (the ratio of
the measured Higgs boson
rate to its SM prediction) is
compatible with SM

U =0.98 + 0.18 (Run|+Run2)
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VH H—bb

arXiv:1709.07497

* Dominant decay mode (~58%) in SM, but not yet discovered due to large background

® recoiling against W/Z boson is advantageous

CMS simulation (13 TeV)
> R L
* 3 channels (0-, |-, 2- leptons) from W/Z—=€¢,Cv,vv © 5000 My=125GeV
. R . R . Z, B —=— Before regression ]
* Multivariate regression to improve mass resolution 540 ASpoak = 15.6%
L - —e— After regression
* Signal extraction using multivariate analysis technique 30001 e
2000}
35.9 o' (13 TeV) -
ovs T 10001
pp — VH; H — bb B
Combined w=1.2 = 0.4 donn e 8 -
O50 100 150 200 250
ZH(CE);)) . - M, [GeV]
u= 0.9=0.
WH(bD) Evidence of H—bb which can lead to the discovery!
u=17=x07 -
oept. | - o} Data used Significance Significance Signal strength
w=00:05 " expected observed observed
1 lept. Run 1 2.5 2.1 0.8970%5
he et Run 2 2.8 3.3 1.19+940
2 lept. . +0.31
08 | S Combined 3.8 3.8 1.06" 55
TR SRR T M IR TN T
-1 0 1 2 3
Best fit u
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Events / 7 GeV

Data — multijet — tt

PRL 120 (2018) 071802

Boosted H—bb

Studying H—bb in inclusive production (without W/Z boson) was usually considered
impossible due to overwhelming QCD background

99

New idea introduced in *

® boosted H—bb candidate recoiling against ISR jet

® dedicated jet substructure techniques to tag large-radius A
jets containing two b quarks a®

35.9fb" (13 TeV)
T I T T T I T T T I T T T I T T T I T T T I T T T

|

8000

- CMS  usop, <romcev - w E * A respectable sensitivity for H—bb in a
7000 = double-b tagger - —] . .
: mssgrgon ] brand new regime of ggH with p; > 450 GeV
6000 - ’-"‘-"'-“‘-'“ (;Jal " ackgroun ] M T
- e using promising method
5000 Y Date =
4000 - * Clear observation of resonant Z—bb signal
3000 = "
: ] significance 5.10 (5.80 expected)
2000 - =
ool -
P ST S T bl H Hno prcorr. Z
o ' J ' ' ' ] Observed signal strength 23118 32722 0.7810%
sk WLt + H i Expected UL signal strength | < 3.3 | < 4.1 —
5 Oi##*a*ﬁ?ﬁt """ s Observed UL signal strength | < 5.8 | <7.2 —
B , , , , , - * , Expected significance 0.70 0.50 5.80
4060 80 100 120 140 160 18(0(36\2,?0 Observed significance 1.50 1.60 5.1c
SD
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ttH H—bb (leptonic) N

* Direct probe of the top-Higgs Yukawa couplings

® cross section increased by a factor of 3.9 in Run2

® gain from largest BR(H—bb)

* At least one lepton from top decay — higher purity

* Complex final states require more sophisticated methods semileptonic ttH diagram
® 3 different multivariate analysis techniques 35.9 b (13 TeV)
CMS prefiminary
* Limited by tt+HF and b-tagging uncertainties AL
Dilepton|  +——m—+— -0.24 "% 9% 12
Best-fit | = 0.72 £ 0.45 Single-lepton %H 0.84 0% 1027 044
significance 1.60 (2.20 expected) |
huge improvement in sensitivity than Run| Combined HH 0.72 "4 024 “oae

Bestfit u=0o/c_ atm_ =125 GeV
SM H
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CMS PAS HIG-17-022

ttH H—bb (hadronlc)

* Hadronic top decay — higher rate (46%) but more challenging

® =7/ jets in an event requires dedicated all-jet triggers

® fully reconstructed final state to the Higgs candidate

* Enhanced quark-jet final states by quark-gluon jet discriminant

® reduce QCD multijet background fully hadronic ttH diagram

.
* Two levels of multivariate methods to separate 35891 (13 TeV)

. | and bacl d CMS Preliminary w tot (stat syst)
Signal an aCKgroun 7i, 3b . 16 108 (27 492
8j, 3b . 1.2 750 (125 153)

. oy >9j, 3b -— 35 %2 (51 %5)

* Provided supplementary sensitivity to the 7i db g e 29 (j_;‘ +§,§)
. » = ; 27 L1824

overall search for ttH production 8], =4b e 0.2 28 (118 29y
=0j, =4b —+ 04 %5 (s Hs)

3b cats - {7 *52 (+1.4 +5.o)

-fi = - | 54 \_14 53

Best-fit p = 0.9 £ 1.5, 4b cats o 15 6 (w00 1)

upper observed limit g < 3.8 at 95% CL Combined| -+ 08 nZ (%7 13)

Best fit i = o/og,, at my, =125 GeV
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CMS PAS HIG-16-040
CMS PAS HIG-17-018

ttH Summary  gsriei

* A variety of final states, studied with different experimental techniques:

® tt + b-jets: large branching ratio, but complex multijet final state

o tt + leptons (H2WW, ZZ, t1): lower rate, low SM backgrounds

e tt + yy,4€: small branching ratio, but very clean final state

decay mode best fit M significance

H-yy . 22(+09/08) 330 (1.60 exp)

........................................................................................................................................................................................

........................................................................................................................................................................................

Hobb, 1€ +2¢ 072 (+0.45/-045) | 1.60 (2.20 exp)

* The ttH combination is not yet available but all above channels enter the combination
of couplings measurement (slide 15-16)
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Rare H— U

* Probe of H(125) couplings to 2" generation of leptons
® very low BR (~0.02%)

® beneficial from excellent dimuon mass resolution

* No significant excess is observed

® 95% CL upper limit on the signal strength

CMS PAS HIG-17-019

Runl+Run2 : best-fit U = 0.9 * 1.0 significance of 0.980 (1.090 expected)

10000

8000

6000

4000

2000

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

- ”
CMHS Preliminary 35.9fb (13TeV) 5.0 1" (7 TeV) + 19.8 o' (8 TeV) + 35.9 fo! (13 TeV)
B —uu All categories = - _
—  {l125=0.7 for mu=125 GeV S/(S+B) we:ghted E(D 9 f_ CMS Preliminary —— Observed
¢ Data o 3 S Expected background only
L S+B fit c —
I~ TP LT T B component .g - -
- 0 1o E 7:_ ------ +20
u =2 = -
__ 1 6 = - - - Expected (SM mu = 125 GeV)
C O 5:_
- v 32 =
i N o S 4F
e B U < 2.64 obs. (1.89 exp.
2
1_
:I||||||||||||||||||||||||||||||||||||||||||||||||
TE 50 T5E 50 T35 40 T 50 120 121 122 123 124 125 126 127 128 129 130
m,, [GeV] m,, [GeV]
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CMS PAS HIG-17-031

H(125) Combination

* Cover a wide range of H(125) measurements using the full 2016 data

© combined analysis sensitive to 22 out of 25 possible production x decay channels

* Signal strengths for the production and decay are compatible with SM expectations

CMS Preliminary @ Observed

CMS Preliminary ® Observed
35.9fb™ (13 TeV) == +10 (stat.®sys.) 35.9 b (13 TeV) =10 (stat.®sys.)
=+ 10 (SYS.) = +10 (SYS.)
L f — +20 420
u s ~33% more precise —
ggH T~ vy E
B i than Runl ATLAS+CMS comb. u —- ——
Mg | ——e—— o B \ ~30% ise th
B . improves up to 20% U2 f - 6 more precise than
for VBF and VH ; Runl ATLAS+CMS comb.
MWH ° - /
- W fr————
Mzn .- |
u . ~50% reduced uncertainty u* ————— rend ) ovel
ttH . than Runl ATLAS+CMS comb. L § already reach the same leve
— g 5 as Runl ATLAS+CMS comb.
: bb .
2 - ! :
|||||||||i||||||||||||||||||||||||||||| ""l""i""l""l""
0 05 1 15 2 25 3 35 4 0 0.5 1 1.5 2 2.5
Parameter value Parameter value

= 1171910 = 1.1720¢ (stat.) F502 (sig. th.) *oe (other sys.)

21 March 2018 C.Asawatangtrakuldee : Highlights from Higgs Physics at CMS |5



Couplings of H(125)

* In k-framework, k represents the deviations from SM predictions of the Higgs boson

couplings to SM bosons and fermions

* By allowing BR(H—BSM) to vary in the fit, indirect constraints on Higgs couplings to
invisible and undetected particles can be obtained

*x H(125) still looks SM-like up to now

CMS Preliminary 35.9 fb' (13 TeV)
CMS Preliminary ® Observed >|> 1 __"| ' LR ' L ' L t T
35.9fb™ (13 TeV) = 1 interval S > : wZ
|K I_ — 20 interval
4 :
i,/ 4 ;
e, | —
i, ———
ic,| . ]
IKgl —d—o——
|K|_ e s 107k, Y T R
Y N E cD 1-5: | T T Illl T 1‘ T Ill L Ill T ]
B BRm<0.22 @ 95% CL "g S e S %
— O 0.5F ]
B, et BRundet.< 0.29 @ 95% CL = ok y | ¥ o
11 | 111 | 111 | 111 | 111 | 111 111 | 111 | 111 | 111
0 02 04 0608 1 12 14 16 1.8 2 T 107 1 10 10°
Parameter value Particle mass [GeV]
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CMS PAS HIG-17-023

H—invisible

* Direct searches performed in channels where H(125) recoils against visible system
© monojet (ggH), 2-jets (VBF and VH), 2-leptons (ZH)

* The SM expectation (H—=ZZ—4v) is essentially zero — a sign of new physics

) o

No significant deviations from the SM expectations are observed
® 95% CL upper limits on 0xBR relative to SM production is estimated

* Interpretation in the context of Higgs-Dark matter model (backup)
35.9 b (13 TeV)
I I I I

CMS Preliminary —

SM
—
N
T | T

| —e— Observed

—_
[\
I

I

- --©- Median expected

i . 68% expected .

95% expected

—
| T

o
()]
I

o
~
I

5% CL upper limit on o x B(H — inv.)/c
%
|

9
o S . ¢ .
I

BR(H—invisible) < 0.24 (0.18) obs (exp) § ;
fOI" mH — |25 GeV at 95% CL Combined  VBF-tag  Z(l)H-tag IV(qq‘)H-tagI ggH-tag
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CMS PAS HIG-17-020

Extended Higgs Sectors

* Search for additional neutral Higgs bosons in the ditau final state

® focus on Minimal Supersymmetric Standard Model (MSSM)

* 4 most sensitive channels : e, ety, T, Thth (Th = hadronic tau)

g b ..
. . Q0000000 p——<——
* 2 categories for two production modes . b association
* No excess is observed g 1
0Q000000 $—>—
35.9 fb™ (13 TeV) 35.9fb™ (13 TeV)
—_ 1 ' ' L ' 5
Q - —e— Observed ] 95% CL Excluded:
% - CMS _____ Expected . CMS [ ]Observed [ = 1o Expected
B 102k Preliminary pecte _ Preliminary ----Expected = = 20 Expected
‘/F 2 [ ] #10 Expected 1 o~ 0g———TFT—————F—————
= i [ ]+20 Expected - S | mp°%* scenario, u =200 GeV '
~— o . S :
@ ptI8pb . 501 -
= ESs :
O C N .
=3 - g .
5 4L i 40 excluded region ; -
c g
o K 5 '
= i 30 -
£ 10 E X
O : E 20} .
o -2 __ 0.0035pb __ B
o~ 107°E E
0 = N N\ . :
(o)) - T e L ] mMSM 125 = 3 GeV ]
107, L L I Y
100 200 300 1000 2000 500 1000 1500 2000
m, (GeV) m, (GeV)
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CMS PAS HIG-16-

y Extended Higgs Sectors

* Search for additional neutral Higgs bosons in the bottom quarks final state

® only possible with dedicated triggers requiring b-jets
Sensitivity enhanced with b-associated production
CMS analysis is unique at the LHC so far

No evidence for a signal is found

* % % %

Interpretation in the context of MSSM and 2HDM

CMS Preliminary
T T | T T T T |
95% CL upper limits|

35.7 b (13 TeV) 60 CMS Preliminary 35.7fb" (13 TeV)
T T T T T T T

| - 53
- —— Observed | A —
10E ] &2
C - @
BN N PR Expected - A
I 68% expected | | —
95% expected | |

mhmod+

o(bbA/H) B(A/H—> bb) [pb]

mT°* scenario
u = +200 GeV

—— Observed
------- Expected

10 I 68% expected
95% expected

N\ N N o oo my =125 = 3 GeV |1

1 | 1 1 1 1 | 1 1 O |\\ 1 \l\\{ 1 I \ \l 1 BN \1
500 1000 400 600 800 1000

m,,, [GeV] m, [GeV]

107"

Events /15 GeV

Data-Bkg
\ Bkg.

CMS Preliminary

018

35.7 b7 (13 TeV)

104

— —
(@] o
N w

—_
o

——— Background
I -1 std. deviation

m,, = 300 GeV, o =500 pb
= 600 GeV, ¢ =120 pb

NDON NDON Do =

i b gt o ]
= P et H 5388 _
T
_...I...I{..§.IH...}I*...I..*.I...I._
200 400 600 800 1000 1200 1400 1600
M, [GeV]
CMS Preliminary 35.7 fo' (13 TeV)
2HDM flipped scenario
A/H— bb, m . =500 GeV
—— Observed [l 68% expected
----- Expected 95% expected
' e R R
2HDM type-IV
| P |
-0.5 0 0.5 1
cos(p-a)
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Summary

* CMS has a broad program of Higgs boson related searches since Runl|
and continuing in Run2

* Using the first Run2 data (~36 fb''), everything is more precise
® improved sensitivity of couplings and properties
® refinement of methods

® unprecedented studies on fermionic decays of H(125)

* More Run2 data (2017+2018) to be analyzed and included

® watch this space!

* CMS Publications : http://cms-results.web.cern.ch/cms-results/public-
results/publications/HIG/index.html

21 March 2018 C.Asawatangtrakuldee : Highlights from Higgs Physics at CMS

20


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

21 March 2018

Backup

C.Asawatangtrakuldee : Highlights from Higgs Physics at CMS

21



PRL 14 (2015) 191803

Runl Legacy

* The combination based on the discovery channels H—=yy and H>ZZ—4¢

L L L L L L e
ATLAS and CMS ——i Total Stat. 1 Syst.
LHC Run 1 Total Stat. Syst.

ATLAS H—yy F———+1 126.02 + 0.51 ( = 0.43 = 0.27) GeV
CMS H—yy —=— 124.70 + 0.34 ( = 0.31+ 0.15) GeV
ATLAS H—ZZ—4] | . / 124.51+ 0.52 ( £ 0.52 = 0.04) GeV
CMS H—ZZ -4l ——— 125.59 = 0.45 ( + 0.42 = 0.17) GeV

- aTLasscms ;| =_— 12507 £ 0.29 (£ 0.25+ 0.14) GeV
ATLAS+CMS 4] | IE | 125.15 + 0.40 ( = 0.37 = 0.15) GeV

| ATLAS:CMS yyeat I—él—l """"""""" 125.00 = 0.24 ( =0.2120.11) GeV

— I1&3I — I12|4I — I155I — I12|6I — I1&7I — I1&8I — I1&9I |

m,, [GeV]
mnp = 125.09 * 0.24 (* 0.21 stat. £ 0.1 syst.) GeV
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JHEP 08 (2016) 045

Runl Legacy

* The combination based on 5 production processes and 6 decay modes

ATLAS and CMS -o- ATLAS+CMS ATLAS and CMS -@- ATLAS+CMS ATLAS and CMS -0- ATLAS+CMS
B . -+ CMS - CMS -+ CMS
n e _..._ :z;(; " B — =10 B —;0 ilnttervalI
% o u A —*20 KZ _ _+_—'¢'— — 20 interval
— ; ———— A —— ——
! o — : — =
Myer ——— ; : BRgsm = 0
e ZZ ————— K 9
— : u e —— W e
: —— S i
lJ‘WH - : ¥ s i
- i ww ———— K -
ZH ¥ : " L %2 '
- f w ——o—— he_| i
z ? . : ——— v o
ttH : = : B
S — b : e
||||||||||||||||||||||||||||||||||||||||||||| |||||||| |||||||||||||||l||||||||||||||||||||||||||||| —
1-050 05 1 15 2 25 3 35 4 -1 -05 0 05 1 15 2 25 3 35 4
Parameter value Parameter value IKMI _"
IIII|IIII|II-II|IIII|IIII|II
° _2 _1 O 1 2 3
signal strength 4 = 0°BR/0Osm*BRsm Parameter value

* Production and decays are compatible with SM Higgs : global p = .09 £ 0.1 |
* Couplings compatible with SM < 20

* No hint of BSM particles in the loop (ggH, H— yy), BRgsm < 0.34 at 95% CL
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JHEP 11 (2017) 047

H—ZZ—4¢

* Signal strength on each production mode, integrated fiducial and differential cross
sections of H(125)

5.1 fb” (7 TeV), 19.7 b (8 TeV), 35.9 b (13 TeV) . CMS ‘ ‘ ‘ 35.9 fb"1 (13 TeV)
—~ T T T[T T T [T T T T[T T [T T T[T T[T T[T I T T[T T T[TTTT T T UL UL UL T T T
0 C . > ] Data (stat. @ sys. unc.)
= 6 B C MS ] o 1 E = Systematic uncertainty E
2 B { Data (stat. ® sys. unc.) - (\5 3 SRt gg—H (NNLOPS) + XH
o) - E o) 545%  gg—H (POWHEG) + XH .
2] — Systematic uncertainty ] T 0k (2007 XH = VBF + VH + ttH (POWHEG) E i
= . 4 3 ' (LHC HXSWG YR4, m, =125.09 GeV) S
4:_ SR Standard model _: f SRS 3
CMS 35.9 b (13 TeV) L LHC HXSWG YR4, m =125.09 GeV i ~ . z ]
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CMS PAS HIG-16-040

H —) yy CMS PAS HIG-17-015

* Events are classified according to mass resolution and S/B in the VBF VH, ttH and
gluon fusion categories

 standard preselection p;/myy > 0.33, pr,/myy > 0.25, 100 < my,y, < 180 GeV
* A likelihood scan of the signal strength is performed, profiling all other nuisances
including the Higgs mass

* Cross section ratios measured for each process (black points) in the Higgs Simplified
Template Cross Section framework

CMS Preliminary H->yy 35.9fb" (13 TeV)
MoH  WVeF i Woon  HtHg W tHw
I WH hadronic [l WH leptonic ZHhadronic [l ZHieponic M Oy [ | O B S/(S+B) CMS Preliminary 35.9 fb1 (1 3 TeV)
I T T T T T I T T T I T T

I T T T I T T T
—m— Per process = 1o

- SM Prediction

m,, profiled

[WRIEG NV 45.8 expected events

H—yy

(Whiete[o U 480.6 expected events

ggH |1.052%

VBF | 06

7 -05

(Wit h-l0 670.4 expected events

Untagged 3 RGIIRN (LG ERAENRIE
\=I5NVl 10.0 expected events
VsIER 8.6 expected events

\=Ia-l 27.8 expected events

o //////////I//////////////////////////////////////

ttH Hadronic RS ttH 2.2 jr:_g ——
ttH Leptonic B ]
pAZRR=To (o1s 13l =0 .5iexpected events WH |ept0niC 3.1 +1135 : i :
- =
VH LeptonicLoose [EPRE= ZH Ieptonic 0.0 I?_':
(il EGILI 9.7 expected events - B ]
VLRVISIE 4.2 expected e R AR AR A VH hadronic 41+2235 : - :
0 20 30 40 5 60 70 8 9 100, o5 1 15 2 25 0 01 02 03 04 05 O0€ L+ ' —— | |
2 4 6 8

Signal Fraction (%) Width (GeV) S/(S+B)in = o -2

21 March 2018 C.Asawatangtrakuldee : Highlights from Higgs Physics at CMS 25



CMS Preliminary 35.9 b (13 TeV)

m,, profiled

04 06 0.8 1 12 14 16 18 2

Differential cross section

CMS PAS HIG-16-040

H —) yy CMS PAS HIG-17-015

CMS Preliminary 35.9 b (13 TeV)
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Two-dimensional likelihood
scans of the Higgs boson
coupling modifiers
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2 2 o =
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CMS PAS HIG-16-042

H=>WW-o2€2v

* The first observation above 50 from H=>WW channel (el, ee, ) at CMS

® combining ggH, VBF ZH and WH productions
* Signal strength shows compatibility with the SM predictions
® some deviation observed in 2-jet VH-tagged category (hadronic decay of W/Z)

CMS Preliminary  35.9 fo™' (13 TeV) CMS Preliminary 3591 (13 TeV) CMS Pre/lmlnary 35.9 fb' (13 TeV)

0-jet DF ggH-tagged :
J ggu 13%g e oy —— Combination Combinati
: —— Combination

1-jet DF ggH- tagged : +0.21 :
h=129 ° —— MggH_138 024 e

2-jet DF ggH- tagged : N SM
n=082" : ~ +0.18

0-jet SF ggH- tagged
p=175"

1-jet SF ggH- tagged
p=218 "

+0.66
| Hopr =0.29 50 [~ : g o=128

2-jet VBF- tagged _ +1.88
p=072 10 : l”lw =3.27 -1.70

[ ]

2-jet VH-tagged
weas

3-lepton WH-tagged _ +1.57
w=223 7% uZH =1.00 -1.00

4lepton ZH-tagged g 06 08 1 12 1.4 1.6

_ +1.49
R=077

[

cenescscnensceEssEssNeNsCeEEsEsbENESENeESEseENCsENeEaEEE .

40 1 2 3 4 5 6 0O 1t 2 3 4 5 6 kv =1.10£0.08
O/ o/ ir = 1.52 + 0.48

4 =1.28701° = 1.28 4 0.10(stat) 017 (syst) "0 o7 (theo.)

* Main systematic uncertainties from lepton ID, luminosity and background rates
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CMS PAS HIG-16-042

H=>WW-o2€2v

* A summary of the expected fraction of different signal production modes in each
category

* A similar simultaneous fit has been performed to measure the cross section ratios
corresponding to five Higgs boson production mechanisms, using a simplified fiducial
phase space, as specified in the “stage-0" STXS framework

* Additional simultaneous fits are performed to probe the Higgs boson couplings to
fermions and vector bosons

® Mr — signal strength associated to ggH, bbH, ttH
® Mv — signal strentgth associated to VBFEVH

CMS Preiiminary 35.9 b (13 TeV) CMS Preliminary 35.9 fb™ (13 TeV) p
0-jet ggH-tagged IR NS o H - WWwW . SCMS Prellmlnary 35.9fb (1 3 TeV) B
Oge/ O = 124 03| 1® ~— SM prediction 3. — 68% CL c
0-jet SF ggH-tagged [P GRRSNTN G B ggH - - 95%CL 18 z
@ Best fit faN|
1-jet ggH-tagged [EERIINIE M VBF Oyl gy, = 0.24 270 Yy <25 2.5 A sV 16 -
- | mWwWH e b 14
1-jet SF ggH-tagged 92.7 events . ZH 5 12
2-jet ggH-tagged [IRLRENAENIE I n :)i::-)lH Oyt 1ep! Ospr = 1-80 o . 0
2-jet VBF-tagged BEF PR 1.5

3-lepton WH-tagged 5.6 events

- Oypiaa/ sy = 1288 142 .

4-lepton ZH-tagged 2.7 events -4.89 05

T T T T T T T T P P N RN AR RSN RPN R R B -05 0 05 1 156 2 25 3 35_
0 0.1020.30405060.70.809 1 0 2 4 6 8 10 12 14 0
\Y

Signal fraction 6/Ggy

Vi 4 = ~ ~ 1
, ~ N
1 ~
] 1 8
\
— +1.68) _ N 1
2-jet VH-tagged 19.6 events Ozu lep./GSM =071 o NS u & 6
1 s A Les 4
2
0
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21 March 2018

CMS PAS HIG-17-023

Combination H—invisible

* BR(H—invisible) translated into DM-nucleon spin-independent cross section

limits as a function of DM mass (if DM mass < mn/2)*

35.9 b (13 TeV)

T T T 1T

90% CL Limits

10_36 I I IIIIIII I I IIIIIII

[cm?]

10 &= CMS Preliminary

C -
% 10 i B(H— inv) <0.20 E
2 = \ ~ Fermion DM 3
= 10% . ]
DY) = == Scalar DM =
° g L .
41 - Direct Detection A

107

— LUX
—— CDMSLite
——— XENON-1T
CRESST-lI
— PandaX-ll

107% o
-
107
107
107

107

10°
mpy [GeV]

107*

*A. Djouadi et al, Phys. Lett. B 709 (2012)

Assuming scalar, fermion
dark matters

90% CL to compare with
direct detection
experiments

CMS limits complementary
to direct detection
experiments
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CMS PAS HIG-17-026

ttH H—bb (leptonic)

Events
5230 oo [l oo Il o0 ot

< Categorize by most probable process

Selection

Categorization 1

MVA discriminants

Split at BDT
median

Categorization 2 ttH, tt+bb/b/2b/cc/If

*-----

\ 4 \ /
>6j, 23b, 24j, 24b,
ttH low BDT 7

3 x 6 categories 1 + 2 categories

Measurement

Simultaneous fit
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CMS PAS HIG-17-031

H(125) Combination

* Constraints on benchmark BSM which contains a second Higgs doublet (2HDM)

2HDM Type-|
all fermions
coupling to one
Higgs doublet

2HDM Type-ll
“lepton specific”

quarks coupling to one

Higgs doublet
leptons to another

2| March 2018

CMS Preliminary 35910 (13 TeV)
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c
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—
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— Observed 95% CL
----- Expected 95% CL

1
10—0.8 -06 -04 -0.2 0 0.2 04 0.6 0.8

cos(p-a)

CMS Preliminary 35.9fb™ (13 TeV)

1

2HDM Type Il
— Observed 95% CL
Expected 95% CL

1
058 06 -04 02 0 02 04 06 08

cos(p-a)

CMS Preliminary 35.9 fb (13 TeV)
%1 0
©

-—

2HDM Type Il
— Observed 95% CL
Expected 95% CL

—1 :
10—0.8 -06 04 -02 O 02 04 06 08

cos(p-a)

CMS Preliminary

35.9fb" (13 TeV)

2HDM Type IV
— Observed 95% CL
----- Expected 95% CL

1 |
1058 06 -04 02 0 02 04 06 08

cos(p-a)
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2HDM Type-ll
up-type fermions
coupling to one
Higgs doublet
down-type to another

2HDM Type-IV
“flipped”
up-type quarks and
leptons coupling to
one Higgs doublet
down-type quark to
another
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CMS PAS HIG-17-020

MSSM H— 171

*x  95% confidence level (CL) upper limits are set on the product of the cross section
and branching fraction

* Differences in the sensitivity of the analysis only occur at low masses, where the p;of
the Higgs boson significantly contributes to the p;of its decay products

® the expected limit using either only the b quark or only the t quark for the
modeling of the Higgs boson p,spectrum

35.9 fb™' (13 TeV) 35.9 fb™' (13 TeV)
103 E_I | | S I—ol—lolbserved | _E 95% CL Excluded:
E CMS ...... Expected E CMS [ ]Observed + 1o Expected
[ Preliminary I = 1o Expected ] Preliminary ----Expected | = 20 Expected
10%F [_] +20 Expected 3 o 80—
g , o =xpecte 3 % . hMSSM scenario
®© I

Expected b quark only :
Expected t quark only

10E

95% CL limit on o(ggd)-B(¢p—t)(pb)

c
9o i
g
07 g
2! ]
5 e
102F %
D),
s S .
= . T
[ 3
10_3 E | o: I I I I I M| 1 IE LA 1 ] 1 I I I ] I I I I ] I I I I ]
100 200 300 1000 2000 500 1000 1500 2000
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