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» This is not a fully comprehensive talk, but rather a collection
of highlights

» Focus on the most recent 13 TeV results

» Apologize if | left behind your favorite topic, do not hesitate
ask if you have questions!

On the upper right side of the slides | include references to the
most recent CMS public material



Taking Data at /s = 13 TeV

CMS Integrated Luminosity, pp, 2016, vs = 13 TeV
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» £ = 2—31fb~!in 2015, much faster pace in 2016

» 2016 “ICHEP” dataset: ~ 13 fb~1




Some Terminology

95% Confidence Level (CL) upper

limits as a function of the mass
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Summary of Run-l Higgs Results

» Combined measurement
using LHC run-I dataset:

> g =
125.004-0.21 (stat.) £0.11 (syst.) GeV

> overall precision 0.19%

» Couplings consistent with
Standard Model (SM) Higgs
boson

» No additional Higgs bosons
found so far
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Introduction

» Several ways to find Physics Beyond the Standard Model
(BSM) involving Higgs bosons:
» measuring couplings and differential distributions of known SM
Higgs boson decays:
» main modes: Z7Z, WW, ~v~, 77, bb
> (less) rare modes: uu, Zvy, v, ee
> very difficult modes (at LHC): s5, c¢, gg
» production modes: gg — H, qqH, VH, ttH, tqH, bbH
» searching for additional Higgs bosons:
> direct searches for low mass (pseudo-)scalars (NMSSM...)
> direct searches for heavy Higgs bosons (2HDM, Hii...)
» searching for particle decays involving Higgs bosons, e.g.:
» t - cH
» 3 = HG, b — fH — t{IH, {73 — WERIHKY
> H+E’rrniss
» searching for rare neutral Higgs boson decays:
> either forbidden or a branching fraction well below the
experimental reach within the SM

» Focus on analyses with experimental (public) CMS results



Main Production Modes

Gluon-fusion (ggH) Vector Boson Fusion (VBF)
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+ bbH, tHq...



» “SM" Higgs boson and other neutral Higgs bosons
> H — 47/ZZ/WW /77 /bb/ i1/ Zry
Rare (or forbidden) Higgs boson decays
» H — inv./inv. + v/prompt electron — jets/long lived...

v

v

Charged Higgs bosons
» H* — 70/tb/c5/cb/X°xT /WHH/W+Z
Doubly charged Higgs bosons
> HEE - WW/40
Higgs bosons to Higgs bosons decays
» H — ZA/Zh
Di-Higgs bosons
» (H —)hh — bbyy/bbr7/bbbb/bbWW /WW~...
» H — ajay — pppp/pprt/Trrr/bbrT

v

v

v

In case of a discovery, signatures of new Higgs bosons can also be
due to other new particles (e.g. SUSY particles)



Neutral Higgs Bosons



H — ~v - HIG-16-020 (1)
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» Clean signature under a huge
background

» Complicated analysis to squeeze

all the data information

P Best of the best ECAL calibrations
P> MVA to select event vertex

P> MVA to select photons
>

MVA to select photon pairs
Split in many categories to
improve signal-to-background
ratio (S/B) and separate
production modes

Events/0.02
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Event Categories [ SM 125GeV Higgs boson expected signal [ Bkg |
| Total [ ggh [ wbf | wh zh tth | oer | (GeV™T) |
Untagged Tag 0 11.92 79.10 % 7.60 % 711 % 3.59 % 2.60 % 1.18 4.98
Untagged Tag 1 128.78 85.98 % 7.38 % 3.70 % 212 % 0.82 % 1.35 199.14
Untagged Tag 2 220.12 91.11 % 5.01 % 2.18 % 1.23 % 0.47 % 1.70 670.44
Untagged Tag 3 258.50 92.35 % 423 % 1.89 % 1.06 % 0.47 % 2.44 1861.23
VBF Tag 0 9.35 29.47 % 69.97 % 0.29 % 0.07 % 0.20 % 1.60 3.09
VBF Tag 1 15.55 4491 % 53.50 % 0.86 % 0.38 % 0.35 % 1.71 22.22
TTH Hadronic Tag 2.42 16.78 % 1.28% 252 % 239 % 77.02 % 1.39 1.12
TTH Leptonic Tag 1.14 1.07 % 0.08 % 242 % 1.06 % 95.38 % 1.62 0.42
Total 647.79 87.93 % 7.29 % 2.40 % 1.35 % 1.03 % 1.88 2762.65




HIG-16-020 (I
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H — 7 - HIG-16-020 (111
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H — 77 — 4( - HIG-16-033 (1)
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Clean signature under a small
background, but tiny signal yield

Complicated analysis to add as
much sensitivity as possible:
> make use of ma, vs. kinematic
discriminator vs. mode
categorization
> make use of low pr leptons,
sophisticated lepton selections

Differential /fiducial cross section

measurements at 13 TeV has also
started

Almost identical analysis used for
high mass searches
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H — ZZ — 40 - HIG-16-033 (I1)
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H — 77 — 4¢ - HIG-16-033 (IIl)

> onq. = 2.2910- I (stat.) 930 (sys.) TS5 (model dep.) fb
(aﬁd =2.53+0.13 fb)

> my = 124.501547 (stat.) T3 13 (sys.) GeV

» Other performed measurements: width, anomalous couplings,
high mass searches
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H — WW — 2£2v - HIG-15-003 (2015)

L =2.3/fb (13 TeV)

Fake '

ww
553 VZIyly
—+Data

Events

» Two high pr isolated leptons and
moderate EMiss

» Large 0 X BR and clean final state

» No mass peak is the main
drawback

> Controlling the background is the
key

Data/Expected

m, [GeV]

» Using 0-jet and 1-jet categories
Only fOr now (2015 dataset) ?MSPrehmmary L:2A3/lb(13TeV7)

» 2D fit: myy vs. mrt
» Signal strength: 0.3 £ 0.5

> Significance: 0.7 (2.0) observed
(expected)

» Work on including 2016 dataset

Events

3 ol

Elae —
| ki
I P A, /j
g o

mH [GeV]

16




High Mass H — WW — 202v - HIG-16-023 (2015)

P Very similar analysis w.r.t. low mass measurement

P Interference between (high mass) signal and
gg — WW taken into account

P 0O-jet, 1-jet, and VBF categories considered

v

Using mt as final discriminant variable

Providing results for different Higgs boson widths
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MSSM H — 77 - HIG-16-006 (2015)
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High Mass H — bb - HIG-16-02

» Inclusive search for a resonance consistent with H — bb

» Making use of standard trigger paths: able to profit for
full offline quantities

P FSR recovery adding jets close by the selected b-jets

» Mass fit in a window around the hypothesized mass

With FSR-recovery
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£EH (1) - HIG-16-004/HIG-15-008 /HIG-15-005 (2015

> JtlgHTeV/o_gH’II‘eV ~ 4 Y CMS Preliminary 2.3fb7 (13 Te
2 —4-Data T T r i

. i [T e dilepton

» Sensitivity approaching Run 1 & am E

14FE@Fips !

» Sensitive to potential new physics
contributions

» Final states:

> H — bb: large BR, low S/B, make use BDT and MEM
approaches
» H —multilepton: small irreducible background,

5
understanding fake leptons a key g
H — ~~: small yield, part of main analysis g

o
H — 77: relatively large BR, but large backgrounds T
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tTH (I1) - 13

V Combination

» Combined 13 TeV results more consistent with SM expectation than

run-l results

» Need more data to assess conclusions

» High priority analyses in CMS, looking forward the ICHEP results

g M= 125 Gev 23271713 Tev)
-
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n with 2016 Data - HIG-16-022

CMS Preliminary 12.9 b (13 TeV) CMS Preliminary 12.9 b (13 TeV)
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BDT (ttH,t/ttv) bin BDT (ttH,t/tV) bin

Observed and expected asymptotic 95% CL upper limits on and best fit value
of the signal strength

Category Obs. limit  Exp. limit £10  Best fit p 1o
Same-sign dileptons 4.6 17793 2.771Y
Trileptons 3.7 23742 1.3+12
Combined categories 3.9 1.47%7 23709
Combined with 2015 data 3.4 13199 2.079°8

Observed (expected) significance in a background-only hypothesis 3.20 {1.707)
29
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tHg, H — bb Overview

d q q

bo£
Interference in tHq process
because A x (kt — kv)V/s +
const.

SM: both k's = +1 by
construction — destructive
interference

Sensitive to deviations from
SM. Flipped top Yukawa
cross section — cross section
enhanced by factor 11

Direct search for 51 points in
Ki-Ky plane

Also considering tHW as

signal

» Challenging multi-jet final state and huge

ttbar background requires several layers of
MVAs

(Signal enriched phase space)

l MVA l MVA
GHq reconstruct\09 Gbar reconstructioD l

1 L
( tHq variables > <ttbarvariables ) <g|oba|variables>
T~ |
Y

final MVA discriminator
tHq vs. backgrounds

fit on MVA output

» Validation performed in tt control region




tHqg, H — bb Strategy & Results (2015) - HIG-16-019

» Signal region event selection:

» One muon/electron
> Three or four b tagged jets
> At least one untagged jet

» MVA reconstruction for
identifying Higgs/top/recoil
jet:

> Train correct jet-parton
matches vs. wrong
assignments

» Evaluation: pick assignment
that gives highest MVA
response

> Reconstruction efficiency:
> 40%

» Finally: MVA for classifying
events as tHq or
background-like

» Most important variables:
lepton charge, recoil jet n
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Exotic Searches



Invisible Higgs Decays (1)

» The most extensive set of rare decays searches by far
» It exists in the SM, but extremely rare: BR(H — 2Z — 4v) ~ 0.1%
» Observation of a large rate would be a sign of BSM:
» LSPs in SUSY (neutralinos, gravitinos)
» Graviscalars (large extra-dimensions)
» Dark Matter (DM) — limits competitive with other DM
searches
» Large missing transverse energy (Er?’iss) is the general pattern
of all these searches
» Several production modes can be studied:
» qqH (VBF): two forward /backward jets with high Anj; & mj;
> Z(£¢/bb)H: two leptons/two b-jets compatible with a Z boson
» Z/W(qq')H: two jets compatible with a Z/W boson
» ttH: two top-quarks
» gg — H+ jet: one high pr jet
» DM searches can directly be re-used for these studies
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Invisible Higgs Decays (Il) - HiG

A large set of analyses coming up

6 (2011, 2012, 2015 comb.)

More complex techniques exploited by having a single fit combining signal

and background regions

For mi = 125 GeV will profit from a larger dataset
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Invisible Higgs Decays with 2016 Data - Ex0-16-037/EX0-16-038

» Mono-jet analysis: multi-fit approach of several signal and control regions
> Mono-Z(— ¢¢) analysis: single fit to EF'® with several regions to control
different background processes
> sentivity already better than run-I
» Mono-W (hadronic) and mono-Z (hadronic and leptonic) final states

start playing a key role, stat./syst. interplay at higher luminosities

12.9 fo™ (13 TeV) .
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LFV H — ur/et/ep (1) - HiGc-14-005/Hi6-14-040/H1G-16-005

>
>
| 4
| 4

Search for a mass peak at my ~ 125 GeV in ut/et/ep pairs
Split in 0/1/2-jet and in T decays categories
Direct limits on BR(H — pu7/et/epu) can be established

Interesting upper fluctuation in the p7 final state at 8 TeV
put 8 TeV et 8 TeV ut 13 TeV
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M(pr')m‘ [Ge' 2 M, [Ge\ colinear M(ur,) (GeV)

HIG-14-040, e7/ep analyses at 8 TeV, recently submitted for publication
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LFV H — pur/et/

CMS 19.7 b (8 TeV) CMS 19.7 b’ (8 TeV)
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et 100t [ X Expected b et 100t [ *  Expected 1
1.54% (exp.) = 1.54% (exp.) ox
rord st [ Expected =+ 15 possd oot [ expected + 15
er,, 2-Jets [ Expected + 20 er,, 2-Jets [] Expected + 20
159% (exp) = 1:50% (exp.) =
1.a9% (obs) | B 1.a9% (obs) | i
et,, 0-Jets er,, 0-dets
EETe Ex o e =
3.92% (obs.) 3.92% (obs.)
et,, 1-Jet er,, 1-Jet
276% (exp.) = 276% (exp.) =
3.00% (obs.) 3.00% (0bs)
et,, 2-Jets er,, 2-Jets
2.88% (obs.) 2.88% (obs.)
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0.75% (exp.) E 0.75% (exp.) K
0.69% (obs.) | | | | | | | 0.69% (obs.) | | | | | | I
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95% CL limit on B(H- eT), % 95% CL limit on B(H-eT), %
CMS 19.7 b (8 TeV) CMS preiminary 2.3 (13 TeV)
urt,, 0 Jets T T T T W, 0 Jdets T T T
132% (exp) =  Observed 4175 (exp) [ | . .
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- — - xpocted -
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fmem| (S i dnen| W Renl
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25196 (exp) . 75106 (exp)
s Hopr
075% (exp) ¥ - 16206 (exp)
519 (obe) i ) ) ) ) 200 (o) ) ) ) )
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20 Need more 13 TeV data to draw conclusions
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Summary of BSM Run-| Searches

0 CMS Preliminary <5.1 b’ (7 TeV) +<19.7 fo’ (8 TeV) 0 CMS Preliminary <5.1 o (7 TeV) +<19.7 o’ (8 TeV)
=% 7 == ] 7
§ 50 N MSSM m ™" 4 & 50 7
40 40 Y
30 m =126 Gev 301 7
. el
20 20 Rk
m =125 Gev
10 L
’ ”j: zj £ T Observed exclusion 95% CL
g 172 Gev g r Expected exclusion 959% CL
L
i 2 Model not strctly applicable
4 ;l Observed exclusion 95% CL ap ] waze 15009
L Expected exclusion 95% CL )
3 X 3p AH . bb (arXiv:1506.08329)
[ w - w @xivasosorrray 1 AIHIh -y (arXiv:1508.01437)
5 AH . bb (arXiv:1506.08329) 27" ] At - 1 (HiG-14029)
AMHIh - i (arXiv:1508.01437) \ [ P e /A - Zh Ok
3 (ariv:1510,01181)
] abin - (HG-10029) \ - h (byy) (H6-13.032)
K H —~ WWIZZ (arXiv:1504.00936) R H- WWI/ZZ (arXiv:1504.00936)|
1 1
300 400 500 1000 130 400 500 600 1000
m, [GeV] m, [GeV]
Parameter Value (type I or type II) 2HDM hMSSM
my 125.09 GeV type type I1/MSSM
ma my + 100 GeV " - Sits.tanp
I3 sin(f—a sin(f—a ST AP
mp+ my + 100 GeV v ( ) ( ) y/1+tan? g
— . N 1+tan®
C"S(ﬁz «) 01 xu cos(a)/sin(B)  cos(a)/ sin(B) Sllt:jnia;‘ﬁ
n max(1 —tan f72,0) - 1 sin(2B) (m? + As0?)
12 4 2 A . . - 2
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Search for VBF H* — W*Z — 3/v - HIG-16-027

P Predictions from Georgi-Machack Higgs Triplet Models
» Selecting WZ events with two jets compatible with VBF topology
» Large benefit from a larger dataset and increase on /s

» Performed for first time in CMS, using 2015 and 2016 datasets

2.3fb* (13 TeV) 12.9 b (13 TeV)
@ T T §i) T T
g wv CMS 5 wv CMsS
2 Non-prompt — preliminary o Non-prompt Preliminary

— m,=700 GeV, sin 8=1.0
A'stat. 0 Sys. unc.

— m,=700 GeV, sin 6=1.0
40 | M2zz A stat. 0 Sys. unc.

20

1000 0 500 1000
my [GeV] my [GeV]
CMS Preliminary 15.2 fb (13 TeV)
T “observed ]
1600} <en- Expected
1o

O:20

6 x BR(H* — W:Z) [fb]

1000
m,. [GeV]
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Search for H¥ — ¢b - HIG-16-030

» Search for tt — (H"b)(W~b) — (cbb)(/~b) decays_
» Look for a dijet mass bump compatible with H* — ¢cb
P Dijet pair selected from at least four jets in an event by a kinematic fitter

» 95% CL limits as a function of my+ assuming B(H* — cb) = 100% .

e+jets, > 3 b-tagged events 19.7 b (8 TeV) u+ets, = 3 b-tagged events 19.7 fb™ (8 TeV)
= AR RERREEREE Lo Ea = R AREEEEREE R Bt
© 250[-CMS BestFit BR=0.000 | © 300F-CMS BestFit BR=0.000 |
O Preliminary -0.000/+0.001(68% CL) o Preliminary -0.000/40.001(68% CL)
L L.o50F 3
Z'p00[-~* Observed + 1 = e~ Observed
j2] . w +.
.g W0 + 'QC:ZOO F I+ 120 E
L 150F  smttbar + 4 S SM ttbar
w w

non-ttbar 150 [ non-ttbar E!
100~ |

B(t -~ H'(140)b)
= Expected Limit

B(t ~ H(140)b) 9
= Expected Limit

50

00 20 40 60 80 100 120 140 160 180 o0 20 40 60 80 100 120 140 160 180
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Combined e+ channels 19.7 b (8 Tev)
[Spay T T T T T
cms Expected (sat only)

Preliminary Expecied

I Evpected 1 10
Expected £ 20
—— Observed

| | | !
120 130 140 150
m- [GeV]

L I
90 100 110
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Double Higgs Boson
Production



Di-Higgs Production

» Exciting prospects of the HL-LHC
» process like di-Higgs production has not been observed yet
gluon fusion cross section is only ~ 40 fb
vector boson fusion cross section is ~ 2 fb
challenging measurements
enhancement due to new physics scenarios

vV vyVvYyy

» Destructive interference in gluon fusion
h --h
_h_ ’
» Resonant production
» enhance production cross section

25
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Search for (Non-)Resonant HH Decays

> Analyses getting mature, but a long way to get SM reach

» One of the high priority LHC analyses in the long term
» Room for improvements and new channels to be added

» Good agreement between data and background prediction so far

[ Final state | Resonant 8 TeV | Non-resonant 8 TeV [ Resonant 8 TeV | Non-resonant 13 TeV

bbbb HIG-14-013 - HIG-16-002 On-going
bbWW - - HIG-16-011 HIG-16-024
- HIG-16-013 HIG-16-012
bf)r-r HIG-15-013 HIG-15-013 HIG-16-028 HIG-16-029

bbyy HIG-13-032 HIG-16-032 On-going On-going

Summary of run-| resonant analyses

T T
Cms

Supplementary
Assumes SM Higgs BR
and narrow width for X

WED: gg -+ X, k=35
no radion/H mixing

95% CL limit on a(pp — X™™° _. HH) (fb)

yybb (arXiv:1603.06896)

bbbb low mass (PLB 749 (2015) 560)
bbbb high mass (arXiv:1602.08762)
Ttbb low mass (PLB 755 (2016) 217)
Ttbb mid. mass (CMS-PAS-HIG-15-013)
Ttbb high mass (CMS-PAS-EXO-15-008)

radion A,=1TeV
radion A,=3TeV

17.9-19.7 b (8 TeV)
T =

— Observed
----Expected ]

mP"0(Gev)




HH Analyses with 2016 Data - HIG-16-029/HIG-16-02

HIG-16-024

bbTT resonant bbTT non-resonant
12.9 b (13 Tev) 12.9 b (13 Tev)
s CM resbbur o Data 53 102CMS bb ur, 4 Data
8 preliminary channel  EEE o 8 preliminary channel [ F
=) Drell-v S Qcp
= . Other ok, = ook [ Drell-Yan
g A bkg. uncertainty £ [ Other bkg.
T %0 Cov £ S\ big. uncertanty
] — =300 GeV. 3 — K, =1(SM) 0 x 50
> (0'x BR =1pb) 5 —e- k=20
° 107

300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000

mi (Gev] My, [GeV]
bbWW non-resonant
CMS preliminary 230 b (13 TeV)
. i N TS
: e
E
£ E
¢ pRaagE il
H iweleg
8 oL




» The H(125) boson measurements start becoming rather
precise with 2016 data

» A lot of room for improvements at /s = 13 TeV, fun has just
started

» No sign of new physics in Higgs sector yet, but stay tuned!

» You can find all CMS Higgs results on:
http://cms-results.web.cern.ch /cms-results/public-
results/publications/HIG /index.html
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Most Recent CMS Higgs Results

HIG-16-020: H — ~v (2016)

HIG-16-033: H — ZZ — 4¢ (2016)
HIG-16-022: ttH-multilepton (2016)
HIG-16-029: X — HH — bbr7 (2016)
HIG-16-028: non-resonant HH — bbr7 (2016)
HIG-16-024: non-resonant bbWW (2016)
HIG-16-023: high mass H — WW (2015)
HIG-16-025: high mass H — bb (2015)
HIG-16-027: VBF H* — WZ (2015+2016)
HIG-16-030: H* — cb (8 TeV)

HIG-16-019: tHq (2015)

HIG-16-016: H — invisible (20114-20124-2015)

» EXO-16-027: mono-jet (2016)
» EXO-16-038: mono-Z (2016)

vV VY VvV VYV VYV VvV VvV VY

20
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Back-Up Slides



H — bb (MSSM) - HIG-14-017

» Search for H — bb resonances at high mass Al
prrr———r——

@ 600f . ata -
» Final states usually have additional b-quarks S I a0 G

~ S00F [ (B2+B1+C2,b)b -

. o = CJ (CLbp

» Dedicated trigger paths to select these events S o = eon

F [ bb(B2+B1+C2)

(no high pr leptons/photons, no high ET™) a0of B o)

R Pre-fit bin-by-bin unc.

200
b b
100|
2 o0
® 105
- 3 100
- b 8 oosf |
@ 100 200 300 400 500 600 700 800 900 1000
M, [GeV]
g b CMS, 19.7 fb™ (8 TeV)
& 25000 T LARAAS RARM RAAAS RARM RAAA ™
c
- . S o+ Data
> Xioz = (B1 4+ B2) + (Bs) to split in categories g - 350 Gev)
20000F [ (B2+B1+C2,b)b 3
[ (CLbb
I @bp
15000~ [ bb(B2+B1+C2) ]
[ bb(C1+Q)
10000 @ Pre-fit bin-by-bin unc.
TMsy,; [GeV] | B; B, Bi+By 5000
01 0 01 23 456
12 1 1|0 1 2
23 2 2|3 4 5 2
>3 |3 3le 7 08 %1,05-:";':1':-
= - T
S OSL 0
0 1 2 3 4 5 6 7 8
X

a1 No significant excess seen



H — ptp~ - HIG-13-024/HIG-13-007

» Two isolated muons in the final state
» Split in several categories to improve S/B and mass resolution

» Cross section limits about 5-8 times the SM expectation
MSSM analysis ggH category VBF category

CMs 19315 8 TeV) Ho 197167 Mo 1970 BTeY)

> 100 T T T > T T T T
3 o g 0,1-Jet Tight BB —e— Data CMS @ 16f 2-Jet VBF Tight —— Data CMS 4
01
< - Ddabiag S ) = ackgowndmodel I = Background model
2 I 3 4
¢ . g 2 LR E
3 ww g ----- SM Higgs boson x 20 g 2 Ny - SM Higgs boson x 20
I | 2 600 E g
i i
z
I Drelvan P 8
—— Signalm, =150 GeV, arg=30 sE
200F “F
E
L L L L

pata-Fi
Degeest
.
Data-Fi
P

160 1 120 130 140 150 160 1 120 130 140 150 160
My (GeV) m,, [GeV] m,, [GeV]
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Event Rates — Coupling Deviations

> o(xx — H) x BR(H — yy) o< T[Ty /T tor
» Parameters: Tww, I'zz, T, Trry Thp Ty, Mgy Tasm (assumed
= 0 in most of studies), Mot

» Coupling modifiers: x7 = -Gz (production processes) or 7 =
i

I}
r?

(decays processes)
> (Kv,kf): Ky = Kw = Kz, kf = Kb = Ktop = Kr, Ky = (Kv, Kr)
» All tests performed at a given mass, i.e. the measured my value

T T T
ATLAS and CMS [H-w

z
z
id
_ S 3[LHC Runl [(JH-2z
[JH - ww
[OH-mw

2r H - bb

IR

—68% CL + Bestfit » SM expected
I I I
0 1

u
uggFﬂtH
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Indirect Limits on Invisible Higgs Decays

> BRinv = I—inv/rifol‘

» BRgsm = Masu /T ot » Combining with data from the
H — inv searches, thus

> All ki modifiers are profiled assuming that BRssy — BRin,

> ky <1 .
V= l1.e. BRundet =0
All k; modifiers are profiled
19.7 fb™ (8 TeV] 1t (7 TeV
10 OTEET s S Ty oy < 1
£ o CMS — Observed E
< Ko Kvsj-v ----Exp. for SM H g 1 i1
N8 K, KK, BR, : H 1 10 TP BTV ST (T,
! 7 é £ 9. CMS — Observed E
60 3 < Kg Ky=1, —-—-Exp.for SMH
E E| N 8 Ky, Ky, K, BR E
C | ) inv 1
SE E 7F ! E
4E 3 6F E
3F = sE 3
2- e 4 B
; —= : 3k E
G?L.;_—M‘m”m”m”? E k|
0 02 04 06 08 1 2e E
Plesy lw ]
EN A e
00 0.2 0.4 1
BI:'2inv
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Higgs Sector in MSSM

» Higgs sector in SUSY contains » B-tagged topologies make analyses

two Sf(;a'al’th)-Ubllte;-SZ ] rather different w.r.t. SM searches
» five physical Higgs bosons: .
> 3 neutral CPooven & — h & > Observation of H(125) does not
H; CP-odd A exclude a heavy MSSM Higgs
> 2 charged: H* boson in a wide range of tang3, still
> SM-like Higgs boson: h fits both SM and MSSM
> Ne‘étra_l Higgs "®" decay » Signal extraction based on looking
modes. - for a mass resonance
> BR(® — bb) ~ 90% .
> BR(® — 77) ~ 10% » Showing ® — uu case here, other
» BR(® — pup) ~ 0.1% analyses in Susan Gascon-Shotkin's
» Two main production modes: talk
> 88 — H
» bbH
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Extended Higgs Sector

Electroweak Singlets
» 2nd CP-even boson
Two-Higgs Doublet Models (2HDM)
» 5 Higgs bosons (H,h,AH )
» MSSM prominent example; hMSSM common benchmark
2HDM + singlets
» NMSSM prominent example
» 7 Higgs bosons (a1, a2, hy, hy, h3, HT)
Triplet Models
» adding doubly charged Higgs bosons to 2HDM phenomenology

v

v

\{

v

. and more

v
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Summary of H — aj;a; Run-| Searches

47

» Summary of several H — a;a; Run-| searches for several scenarios

> 013 Tev/08 Tev ~ 2.3

» These analyses more suitable for larger datasets at this point

19.7 fb (8 TeV)
e

n}z [T — T
10°F
5= Y ECMS
1 E Preliminary
© L
m 10*f
X Bl
Tg [
2HDM+S
10°F
_:T E Type-1and type-2
o [ h-aasearches
X 10% h—aa— pyrr (HIG-15-011)
—_ E
<lz F—— h-aa_pybb (HIG-14-041)
=
Blo [ —— h-aa.to (JHEP 01 (2016) 079)
c L h-aa TrTt (HIG-14-022)
3 10 E ——— h-aa_ i (PLB 752 (2016) 146)
(D) [ == expected [ observed
T, ] PR | P |
n 10
o 1 10

19.7 fb (8 TeV)
=

CMS

Preliminary

T |

TN T YT T T YT Ty

2HDM+S type-3
tanf=5.0
arXivi13124902

UL

h - aa searches

No prediction for B(a— XX)

D83yt (HIG-15.011)

h--aa..pbb (HIG-14-041)
h--aa.. xrt (GHEP 01 (2016) 079)

h--aa- T (HIG-14-022)

a8 - (LB 752 (2016) 146
S expected i observed

1

10
m, (GeV)




Other Possible Rare Decays

A summary can be found in e.g. arXiv1312.4992
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>
>

vV V.V VvV vV VY

H— XX — 4b
H — aa — 2b27/2b2p /47 /2121

> multilepton analyses may be used to put limits on them
H— XX — 4
H— XX — 252y
H— XX — 4~
H— aZ
H — ZpZ/ZpZp, with Zp a new gauge boson
H— xix2 — 7/2y + Ef'™
H — 0/00/bb/7T + ETiss
» SUSY analyses may be used to put limits on them

H — one/two prompt leptons — jets + X



Search for Charged Higgs Bosons - HIG-14-023/HIG-13-035

» Predicted in several new Physics scenarios

> For my+ < My, search for top — H* b decays

» For my+ > My, mostly search for tH*(b) decays
>

H — 7v dominates a large phase space, but several other decay
modes possible

v

A large room for gain at 13 TeV, this is a long term project

BR(H*)
tan 3 = 30

01f

0.001 L - L L L 0001 LL
100 200 300 400 500 100

200
M [GeV] M= [GeV]

1
300 400 500

40



Search for A/H — ZH /A Decays - HIG-15-001/HIG-16-010

Search for A/H — ZH/A — ({bb decays, H/A — 77 also
considered in run-l analysis
Signal region defined in myz - m,,,z plane for each my-my

50

hypotheses

Simple cut-and-count approach, backgrounds from sideband
Large room for improvements, e.g. by fitting signal and
sidebands regions simultaneously or by having a more
sophisticated template fit
Limits on oxBR for my hypotheses as function of my

Mygpb

95% CL limits

Evt/20Gev

Data/MC

Evt/60Gev

Data/MC

Mass(j) (Gev)

2.3 (13 Tev)

CMs
o Preliminary

Mass(l) (GeV)

T P T PR TR S B
©40 60 80 100 120 140 160 180 200
m, [Ge'




Search for A — Zh(125) Decays - HIG-14-011

» Search for A — Zh(125) — £¢bb decays
» A particular region of a more general A-H phase space
» Analysis split in three regions: low/intermediate/high masses

» Two-dimensional BDT vs. m,,,; to discriminate signal and
backgrounds

BDT high mass region m,,,; at high BDT 95% CL limits

A—Zh—eebb (e=ey) L=197f" (8TeV) A—Zh—eebb (e=ey) L=1971" (8TeV) A zh-th L1970 @TeY)
éﬂf cms High mass H ‘ Highmass ~ CMS T [ARRAERRANL
“ g g S O 98% CLiimits
] 2w :
5 b
2 B [ Expected fo
H N Expected 120
b
@ <
@ 1)
O

1 bt ey
2 Dota 5k = 09852 0014 I 2 Dota B = 10452 0.0
Y oomss @ o ok - 42 +
E i B T T e TS A :
£ e = g R Ut AL U v termadte | High mass region

40t 08k L L Livil L Il L
0 01 02 03 04 05 06 07 08 09 200 250 300 350 400 450 500 550 600 650 0 250 300 350 400 450 500 550 600
High mass BOT M (GV] m, GeV]
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More on Summary of BSM Run-I Searches

CMS Preliminary  <5.1 0™ (7 TeV) + <19.7 fb™ (8 TeV) CMS Preliminary  <5.1 ™ (7 TeV) + <19.7 fb™ (8 TeV)
2HDM Type |, cos(B-a)=0.1, m =me=m,+ 100 GeV 2HDM Type II, cos(B-a)=0.1, m =me=m,+ 100 GeV
2 19 1 || 2t .
S 8f [0 Observed exclusion 95% CL 4 S g8f [ Observed exclusion 95% CL |4
r BN Expected exclusion 95% CL | 7 SWSS Expected exclusion 95% CL |
6 H- WWIZZ (ariv:1504.00936) [ 6 [ ha2s) (HIG-15-002) 1
5F [ AIh- T (HIG-14-029) 1 5k :/; /wﬁﬁxg:’::;;)-ooga@ i
4k [ A-ZH- I (arxiv1603.02991) | | 4k [ A-ZH- It (arXiv:1603.02991) |-
[ A~ZH-libb (arXiv:1603.02991) [ A-ZH-llbb (arXiv:1603.02991)
3k Non-perturbative region Non-perturbative region 4
Py ] 1
® 7 E
05 | N R | !
200 300 400 500 300 400 500
m, [Gev] m, [Gev]
Parameter Value (type I or type II) 2HDM hMSSM
my, 125.09 GeV type type I1/MSSM
ma my + 100 GeV " " Sits.tanp
K sin(f —a sin(f—a e
my+ mpy + 100 GeV v (B ) ( ) V/1+tan? g
cos(p—w 0.1 . . 1+tan? p
(ﬁz ) _ L T ) ) ku cos(a)/sin(B)  cos(a)/sin(B) Su~an
mi, max (1 —tanp=2,0) - 5 sin(2p) (m% + As0*) . . >
1 and tan f scanned. kg cos(a)/sin(B) —sin(a)/ cos(B) sg4/1+tan?p




