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Outline

 Run 1 SM Higgs: discovery and properties

 Run 2 SM Higgs: rare decays,
differential measurements, etc...

« BSM Higgs searches (Run1+Run2):
MSSM, 2HDM, Di-Higgs, Exotic decays,...

Check out attached pdf with links to all results in this talk
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Decays of a 125 GeV Standard-Model Higgs boson
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N(125) summary

e Couplings consistent with SM Higgs boson

e mh= 125.09+0.24 GeV, JP = 0+ strongly favoured
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| HC Run 2
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Electrical perturbation
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H—yy

Fit sharp myy peak over falling background (yy, Vi, jj)

Target ggF, VBF, VH (only ATLAS), ttH modes by categorising events

Dominant systematics: photon energy, backgrounad
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Fiducial cross sections

Fiducial region Measured cross section (fb) SM prediction (fb)
Baseline 43.2 £ 14.9 (stat.) £ 4.9 (syst.) | 62.877] INLO + XH]
VBF-enhanced | 4.0 £ 1.4 (stat.) £0.7(syst.) | 2.04£0.13 |[NNLOPS + XH]
single lepton 1.5 & 0.8 (stat.) £ 0.2 (syst.) | 0.56 +0.03 |[NNLOPS + XH]

Production strengths

LA B B B L B DL L L B L L BB
ATLAS Preliminary —e—i Total
| {s=13TeV,13.3fb"
Moy — ® { o =-0.25 :;;g
Ry | ° ' M, =023 iy
Hyge = : ® | W =224 T
Hoh —e— Mgy =059 e
Hauna [~ He n, =085 "%
Fun- AT T v T ltlﬁ“"l"1=l1l1?;§§?1

—2 -1 0 1 2 3 4 5

Signal Strength
9

Differential cross sections

0/ dpy , [Ib/GeV)

data / prediction

(o
| ATLAS Preliminary

| 4 data, tor. unc. [T]syst.unc. 8 9g—H NNLOPS + XH
1.5-H-yy, Vs=13Tev, 13.310"

1~

LS ZN 2 S0 AR A S am an ae oo an an S an ) BN e SN an o Sn o o

T
m, = 125.09 GeV

k\n-“"10 )
««s XH « VBF + VH « tH
anOk,n-O-t.Nmzo

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

80 80 100 120 140 160 180 200

Py, [GeV)

Extracting c-quark coupling?

(/o dajdpy )/(1/o dojdpy ;)sm

1.4

—
el

—
[

..
.
—_—

(=)

S
o

S
%0

it
<2

— K= =10
— K= =3
k=0
— =5
Rt
10 20 30 40 50 60
pr; [GeV]

arXiv:1606.09253 [hep-ph]


https://arxiv.org/abs/1606.09253
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e Fit sharp ma peak over tiny tlat background
o Target ggF, VBF, VH, ttH modes by categorising events

 Dominant systematics: luminosity, lepton efficiency

CMS Preliminary 129" (13 TeV)
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tth

* Direct probe of top Yukawa coupling
(probes via ggk assume no BSM coupling)

 Small signal cross section, large tt background!

Divide and conquer

g > t Channel BR [%]

bb 58
H WW 21
e
Y4 2.6
TT 6.3

g < t vy 0.23
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3

ttH multileptons

( Same-sign dilepton \ f Trilepton )

=2 SS leptons (e/u) >3 |leptons (e/p)
>4 jets (=1 b-tag) >2 jets (=1 b-tag)
moderate MET moderate MET or >4 jets

k /Z-mass veto (ee channel) J k /-mass veto J

( Categorise: 1. presence, b-tag quality, lepton charge sum )
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tH combination

m,, = 125 GeV 2.3-2.7 b (13 TeV)
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VH(— DD
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BSM Higgs



BSM Higgs

 While h(125) compatible with SM, also compatible with many
BSM models:

 Extended Higgs Sectors:
additional light/heavy charged/neutral higgs bosons
(eg. 2HDM, singlets, triplets...)

* Modified Higgs Sectors:
invisible/BSM/LFV decays, ...

 Can be probed via:
* Constraints from h(125)

* Direct searches (many performed at LHC)

Google: “"ATLAS (CMS) public higgs results”
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SM like searches

* High-mass SM like searches: WW, ZZ, vy, bb, 1T

* |In general, technigues very similar to SM
searches

* [hey show no deviations from SM
(X750 in backup)

« \Won't cover In detall
e Exceptions:

* TT particularly important for MGSM

19



Higgs mass [GeV]

MSSM

CP even CP odd Charged
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Decay channels

A / H —TT

Thth
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e 11, >4 jets (=1 b-jet), no leptons,
large MET
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MSSM (low tan(3

CMS Preliminary <5.1 " (7 TeV) +<19.7 b (8 TeV)
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tan

2HDM

e 14—7 params (avoid CPV):

mh, mH, mA, m|_|_,__, A, B, m~|2. 2HDM hMSSM
type | type II/MSSM

Ky sin(p — a) sin(p — «) S4+5u ‘“;é

 H, A, H+ should be roughly degenerate Vi p
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(pert., unit, vac.)

kg cos(a)/sin(B) —sin(a)/cos(B) s44/1+tan?p

e h(125) couplings (t,T) strongly constrain q, 3
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95% C.L. limit on o(A-Zh)BR(h—bb) [pb]

Cross section limits
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* large H-A mass splitting favour EW phase
transition required for baryogengesis

* |nthis case A—=/ZH/H—=ZA dominant

e Basically proceed as for A—=Zh, but drop

h(125) mass constrain on Myp.
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Top?2 (blv)

oz from W
mass constraint

Kinematic fit: assign jets, reject non tt topologies, improve
Higgs mass resolution
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Exotic Higgs/decays



NMSSM: light pseudo scalar

CP odd CP even Charged

Can be
very light One of these
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NMSSSM: light pseudo scalar

CP odd CP even Charged

Can be I c H H

very light One of these
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_epton Flavour Violation

23017 (13 TeV)
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e Limits on h—et/ut much weaker O(1%) 0.

=
e Simplified H—=T1T analysis with good L

mass resolution e
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Run 1

Run 2

|-V UT excess
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N—=Qy

e B(h—=¢y) = O(10°) in SM:
find BSM physics, probe Yukawa coupling to u, d, s

e Similar search for h—=J/Pp/Y+y (cf c-quark)

Isolated photon B(h—¢y)<1.4x103
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summary

We've learnt lots about the Higgs with current LHC data
A tew interesting excesses to keep an eye on

Many plans for further measurements and searches for Run
2 and beyond!

Much more to learn with more data; Run 2, Run 3, HL-LHC

Check out links in attached pdf for more details

Thanks for your attention
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125) spin-CP

JP = 0+ strongly favoured
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cF 1 approach

* Alternate to kappa approach accounting for impact on
differential distributions, demonstrated using H—yy

a8
=
<
Leg = ¢y0y + ¢404 + cuwOnw + cupOus

+ &0, + 8,0, + EawOnw + EupOpns,

] ] 1 1

E; L 1 T 1 T L ! T T ! T T ] | T =
";;,102: pp— H - yy, \s=8TeV, 20.3fb" ¢ data
t;

- ATLAS — Standard Model
[ ¢, = 0.0001

43

pp—=+H—=yy, (s=8TeV, 203" ATLAS

.3| 28 2.0 5.2 5.2 79 104 105 209

=10 =10 =10 =10 =10 =10 =10 210

.| 47 73 90 97 127 225 216 205

- 211 =11 =10 =10 =10 =09 =10 =10
4| 77 143 230 294 286 300 194 153 | —40

- 210 =11 =11 209 =09 =09 210 210
e = w
—{20

=0 401 230 125 41 37 -13 03
=10 212 +12 1.0 1.0 =10 1.1 --10

020 2030 3040 40-50 50-60 60-80 80-100 100200
p; [GeV]
- " e
R - pp—=H-—-y7y,18=8TeV,203 ATLAS -
0.001— D -
0.0005[- -
o =
-0.0005 -
-0.001F -
-0.0015F -
: 1 N B
0.002

Statistical correlation [%]



o' (fb)

10011]1111]1111]“‘

;4 [fO]

/S dependence

19.7 fb' (8 TeV) + 129 b (13 TeV)

--]’l’l’l’l’]"ll]]lilll]{

CMS preliminary

Hory
¢ Data (best-titm)
- SySt. uncertainty
BB SM (m ~125.09 GeV)
- norm. LHC Higgs XSWG YR4
- ACC, AMCONLO

201111111111111111'I"LLlLLLLlLlllllllllll

7 8 9 10 1 12 13 14
\s (TeV)

511" (7 TeV), 19.7 ' (8 TeV), 129 b (13 TeV)

5 e T R e
- CMS Preliminary .
4~ $  Data(star @ sys. unc) 8
[w —Systemanic uncertainty N
= Model depandance 1
<] g Standard model (m, = 125 GeV, N'LO gg—+ H) < 7]
: ) / ]
2|~ g B
. e -
- * pp = (H - 4l)+X
(1] P S TIPS PP IS IPIPIPITE IPEPIPIPE SR L.

7 8 9 10 11 12 13 14
| g
Vs (TeV)

N
_ ATLAS Preliminary — G, mMy=125.09GeV N
| AHoyy 0 H-ZZ*-4l . QCD scale uncertainty 1
- #comb.data  syst.unc. ™= Tol. uncert. (scele & PDFsar) I
I \s=7TeV, 451" 1
- Vs =8TeV, 20.3 b’ .
N Vs=13TeV, 13.3fb" (yy), 148" (ZZ*) ]

a PR Y PR SRS [ S ST TR T N TR S S S S S S SN S _—"

44

10 11 12 13
Vs [TeV]



H—

Goal: probe Yukawa mass
dependence, 2nd gen.
coupling, lepton coupling

Signature: very clean dimuon
final state but overwhelming
irreducible Z/y*—up

Strategy: cf H—yy
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Select: 1 isolated lepton,

=4 jets (=2 b-tagged)

Kinematic fit: b-jet
assignment, W/H masses

=—CS

Dominant for low mass higgs with tanb < 1 in MSSM
(and some 2HDM parameter space)

CMS Simulation 8 TeV
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80 100 120 140 160 180 200

M, (GeV)
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Events/5 GeV

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

. om
50001 m = 150 Gev -33°
B(t-» H'D) = 1.2% WZejets
4000 W+ jets Wisingle t
-Wom

0 20 40 60 B0 100 120 140 160 180 200

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

I
m,= 150 GeV * Data
3 -OCD
107 B{t-» H'D) » 1.2%
3 -ZOM’

i+ jets 3 Single t
-WQ

s nmminty
Signal+bkgs
Signal x 10

Events/5 GeV

10°

130 135 140 145 150 155 160 185 170 175

M, (GeV) M, (GeV)
_oMs_ 197'8TeV)
£ 0.09F E
1008 e Observed 1+ jets
€ 0.07p ~—_ Sxeected t— H'b, H' - 3 l
ot [ Expected limit £ 16 g, ¢3) = 100% -
E 0.06F ) Expected limit + 20 :
3 0.05 3
 0.04 2.40 local -

0,03 (1.6s global)
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BR(H)

BR(A)

2HDM BRs

2HDM type-ll tand=1.5 my =400.0 m, =2500 my. =400.0 m} =96000.0

INES

1.0 Y
0.8}
0.6 2HDM type-il tan

™\ 1.0
04f

{ 08
0.2

f 06
0.0 ;
1.0 y Z 04
bb -
0.8 ™ 0.2 >
: — 49 —
0.6
Zh v -0.5 0.0
0.4 -
0.2 /\
0.0 —_— ~ T
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ocos|l d—a)
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Events / 2.5 GeV

Data - Fit

“Similar strategy to 4b with some

X—=>hh—=bbyy

tricks from SM h—yy analysis”

non- resonant search

ATLAS Prellmmary
\s=13TeV,3.21b"
2-tag signal region

Dl nggs
- Single Higgs

Continuum Bkg.

[~ — Sum ]
o ¢ Data -
:- L ] L ] L ] —-:
57\ . . . . —
) I } } b L S
I +H+ H | t 1
I
110 120 130 140 150 160
[GeV]
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95% CL limit on 6, xBR, . [Pb]

Run 1 “excess”

— 4.5 . —r——r—r——r
% - ATLAS Prelnmlnary
£ 99 [Lot=20m"at 15 = 8 Tev
3 - —e— Observed 95% CL Limit
Ef fasw Expected Limit 1o
o - Expected Limit 26
x Type 1 2HDM:
o" tanf=1, cos(p-«)=-0.05
| P | PR L . . 1 . M
300 350 400 450 500
my [GeV]
resonant search
24 \J Ll Ll l' Ll L) L) l L L] L] l T L] L] ] L) L) T ] L} L} L] l’ L] L] L] l L] f:
ook~ ATLAS Preliminary — Obs. limit -
sob. \s=13TeV,32f" - Exp. limit 3
18 [ Exp. limit +10, E
‘o [ Exp.limit 2, =
14 =
12 =
10 —
8 =
6 =
4 —
2 e
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Events / GeV

| ow mass pseudo scalar ditau

» Exclusion of 2ZHDM type |l, wrong-sign Yukawa

coupling, high tan 3

19.7 b’ gs TeVZ
12} -
- CMS MY,

10 - A1t (m=35 GeV)

[ —#- Observed
8 Z1t "
N 0 [
6= - Electroweak  : | | |
QCD multijet

Bkg. uncertainty

m, [GeV]

0 10 20 30 40 50

10° CMS 19.71b! (8 TeV)

— T T
c. et T.e —e— Observed

E . w By OB Expected )

e *° ]+ 10 Expected -

** | |=20Expected-

a
bl

95% CL o(bbA) xB(A—7t) [pb]

w—h
o
LB R4

SM-like Yukawa coupling

e Wrong-signYukawa coupling - I
i 1

P BTN AN SR R ——
40 60 80

m, [GeV]
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Effective Resolved

Production Loops Interference scaling factor scaling factor
o(ggF) v t-b K2 1.06 - k7 4 0.01 - 57 — 0.07 - Kensp
o(VBF) — — 0.74 - Ky +0.26 - k%
o(WH) - - "3y
o(qq/99 - ZH) — —_— K%
o(gg — ZH) v t-Z 2.27- k% 4+ 0.37 - K7 — 1.64- KzK:
o(ttH) — — Ki
o(gb — tHW) — t-Ww 1.84 - k? + 1.57 - kiy — 241 - kyxw
o(qq/qb — tHq) — t-W 3.40- k? 4 3.56 - k}y — 5.96 - Kixw
o(bbH) — — ki
Partial decay width
rzz L o n%
rvw o o n?y
rm v t-W K2 1.59 - kjy +0.07 - k7 — 0.66 - Kk
el - o K2
r — — K3
res i i K2
Total width (Bgsy = 0)

0.57 - ki + 0.22 - kiy + 0.09 - k2 +
Tu v - K 0.06- x? +0.03 - k% + 0.03 - K2+

0.0023 - k2 + 0.0016 - k%5, +
0.0001 - 2 +0.00022 - k2
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ATLAS: Higgs Cascade

Coll. Dataset Cite
ATLAS 20fb-1(8TeV) PRD 89, 032002 (2014)
CDF 9fb-1(2TeV) PRL 110, 121801 (2013)

W

— e —

sall
i \
H*
g
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.032002
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.121801

ATLAS: Higgs Cascade

g W
o f
0
H \
H- b
g hu\\



ATLAS: Higgs Cascade

reconstruct leptonic W,

MET + pz¥ from W mass reconstruct
constraint (el \ 7 \Jhaadronic W

g I
H £
g A 0

reconstruct H= from
hO+W that gives
highest mass
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(Data - SM) / SM

S00 ooo

obhNONBED —-

 BDT to discriminate against ttbar using event kinematics

ATLAS: Higgs Cascade

* Dominant Systematics: b-tag eft., jet energy, ttbar norm.

e Almost sensitive to SM-strength production

ATLAS \s=8TeV | o Dalaj L=203f"

M
- Wijets
Other
---=- BDT threshold

Signal (1.00 pb)
— ﬂ\r‘; = 1025 GeV

m,, = 225 GeV

Uncertainty

T 08 06 04 02 0 02 04 06 08

BDT output
Trained for Mo m = 1025, 225 GeV

H* Mass [GeV]
S 8 8 38 g

g

g

—

- ATLAS
— JLdI: 203" \s=8TeV

H W H - h°W* W - bbW* W*

56

400 500 600 700 800 900 100(;
H® Mass [GeV]

10

95% C.L. Upper Limits/a(gg—H")
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CMS: H—=hh/A—=Zh

Assume m,=126 GeV
It my >2m,,, then H—=hh possible
If 2m,<ma<2m;, A—Zh dominant
Search for:
 Multileptons: =3 leptons (=1 1)
(estimate fake leptons/conversions with

lepton fake-tfactors, others MC
+corrections)

* Diphotons: 2y + 1/2 leptons (m,, side-

band fit)

« Counting experiment in categories:
number of Ts, b-jets, OSSF pairs, on/off
Z, MET

S/

W/Z
g T h %
H 7 W/Z
“ = <
AN W/Z
g oo h
W/Z
g 00000 cqu
g ”UU(HS\> W/Z
W/Z

Note: h—=WW/ZZ or yy

Coll. Dataset Cite

CMS 20fb-1(8TeV) CMS PAS HIG-13-025



https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13025TWiki

CMS: Results

H—hh A—Zh

CMS Preliminary \s=8TeV, IL dt = 19.5 fb"' CMS Preliminary Vs =8 TeV, j'L dt = 19.5 fb"!
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" T -+ - : : 95% C.L. CLs Limits 5
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§ £ TveE N ZOM KB TYPENZHOM AL Zh
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| ' 95% C.L. CLs Limits Whe-Clelimis |
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06 04 0.2 0 0.2 0.4 006 04 02 0 0.2 0.4 0.6
cos(B-a) . cos(B-o)
o8 o 1s H-h mixing angle...



t—=HC

« FCNC highly suppressed by GIM in SM, but can be
larger in BSM models.

e B(t—c(u)Z) < 0.07% from CMS

Process SM QS 2HDM-III FC-2HDM MSSM
t—uy | 3.7-107° 75.107° — — 2-107°
t— uZ g8-107"7 1.1-10™ — — 2-1076
t—uH | 2-100"7 41-10° 55-107°° — 1073

t—>cy |46-100% 75.100° ~107° ~ 1077 2-107°
t—>cZ | 1-107% 1.1. b ~10719  2.107°
t—cH | 3-100° 4.1. ~ 1073 107>

Coll. Dataset Cite

ATLAS  25fb-1(7+8TeV) arXiv:1403.6293 [hep-ex]
CMS 20fb-1(8TeV) CMS-PAS-HIG-13-034
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-09/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13034TWiki

ATLAS: tHc search

Hadronic Channel
Top1 (vy))
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ATLAS: tHc search

Leptonic Channel
~Top1 (yv))

Pl o 20prrrrr T
N 8 18 ATLAS ¢ Data
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ATLAS/CMS: Results

e Search for excess in diphoton
mass spectrum:

* B(t—Hc)<0.83% (0.53%)
¢ }\tHc/u < 017 (014)
 CMS reinterpretation of

diphoton+multileptons
searches:

e B(t—/Hc)<0.56% (0.65%)

¢ }\’[Hc/u < 014
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Run 2 update: ATLAS-CONF-2016-104

Run 1 tHC excess

t
9 T v
b QJN:
I{'<
q ol by QJQH
t
qh @jet‘
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B : H 0B
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https://cds.cern.ch/record/2220371

NMSSM

o 2 Doublets (Hu,Ha) + 1 Singlet (S)

-
: ()
- alleviates y-problem of MSSM >
o One of
?5 these
- SM-lik
 h—ajas dominant (h—bb greatly e
reduced) -
O
o
ol .
a_}”“ a_}hadrons a—TT 0 Can be very light
Ma1 —7 | | > 5
2mu(0.2) 3mn(0.4) 2m+(3.55) 2mb(9) [GeV] 81
Coll. Channel Ma range [GeV] Dataset Cite E
CMS h—2a—4y 0.25-3.55  21fb-1(8TeV) CMS-PAS-HIG-13-010 == °
DO h—2a—4p/2u21 0.2 - 20 4fb-1(2TeV) PRL 103, 061801 (2009) O
ATLAS h—2a—4y 0.1-0.4 5fb-1(7TeV) ATLAS-CONF-2012-079
CMS a—2p 5.5-14 1fb-1(7TeV) PRL 109, 121801 (2012)
CDF  t—=H+b=Wa(=T11)b 4-9 3fb-1(2TeV) ~ CDF Note 10104
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13010TWiki
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.061801
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-079/
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.121801
http://www-cdf.fnal.gov/physics/new/top/2009/tprop/nMSSMhiggs/cdf10104_chargedHiggs.pdf

CMS: h—2a—4p

e 2 Isolated OS muon pairs with compatible masses
Signal

\a

CMS Prelim. 2012 Ys=8TeV L =20.65"

—~ @4 ———r—————————

Background: B and J/ pair production 3= g, cR
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Estimation: BB from 3p CR, J/{ from MC+data correction
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CMS: Results

CMS Prelim. 2012 (s=8TeV L, =20.65fb"

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

NMSSM 95% CL Limits with

..
-
-
-

10" - o(pp — h)= GSM(nk) and o(pp — hz) =0: =
- —-m, = 86 GeVi/c? 1
1 i —e m, =125 GeVi/c? i

—— Prediction with B(h1 —2a)=0.8%

1111
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Expected: 3.8+2.1
Observed: 1 Also sensitive to Dark SUSY ...
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Invisiole RHIgQs

e Search for Higgs decaying into new weakly
interacting particles

Recoill

e SM B(H=inv.)~1.2E-3 (H=ZZ—4v)

 Indirect Limits: from vis. decay modes
ATLAS 60%, CMS 64%

Invisible

Direct Searches

Coll. Channel Dataset
CMS VBF 20fb-1(8TeV)
CMS  Z(—IhH 25fb-1(7+8TeV)
CMS Z(—bb)H 19fb-1(8TeV)

CMS Comb. 19-25fb-1
ATLAS Z(—IhH  25fb-1(7+8TeV) arXiv:1402.3244 [hep-ex] _
CDF Z(—1HH 10fb-1(2TeV) CDF Note 11068 q hg

arxXiv:1404.1344 [hep-ex]
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http://arxiv.org/abs/1404.1344
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-03/
http://www-cdf.fnal.gov/physics/exotic/r2a/20140206.higgsinv/higgs_inv.html

CMs: VBF Invisible
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CMS: Z(—vv)+2 jet background

> o' cms o o Transverse Plane
O | eeaTevLetosmt — i . %
R vorsgmy W Dominant N
= B . ow. oY(nejets, v '
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i it
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CMS: Z—=ppu to Z—=vv embedding

e Estimate Z—vv using Z(—up)+2 jet

e Remove muon from event and recalc. MET

e Scale by o.€ ratio (Z—=w/Z—pp)

bac

2l In Z mass window

8

~ CMS Preliminary o Observed
- \s=8TeVL=19.6fb"

Events / 5 GeV
8. 8.2

2% ;E ........ TT'HMQ'*J}H#

t |l |
‘80 70 80 90 100 110 120

NoO

70

U M, [GeV]
beam
kward | forward
ot Large n separation jet
_arge mass

jets in-between



CMS: Results
Dominant Systematic

Bkg. 339+36(stat.) £50(sys.) Zup emb. stat.  + 30 events
Sig. 208 (£~0.67%)
Obs. 390
g%: CMS VBF H — invisible 959, CL limits
T f femBTeVL-t95T — e Summary of Direct Searches
o W Expected limit (1o Coll. _ Channel _Limit B(H-inv.)
5o Experea imit (20) CMS VBF 69% (53%)

%% oygr (SM)

CMS  Z(—Ih)H 75% (91%)
CMS Z(—bb)H (1.8 x oSM)
CMS Comb. 58% (44%)
ATLAS  Z(—ll) 65% (62%)

—
I I

o
o

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
?bo 150 200 250 300 350 400
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Comparison to direct dark-matter detection

« B(H—=inv.) limits constrain DM-nucleon scattering in
Higgs portal models.

1 0-1 N | I 1 1 ] ] | L ]
i Combination of VBF and

1072 ZH, H - invisible CMS

-3 Ys=8.0TeV, L =18.9-19.7 fb' (VBF+ZH)
1 O V Vs=7.0 TeV,L=4.9 fb’ (ZH) B(H— inv) < 0.51 @ 90% CL
1 0-4 My = 125 GeV
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49" (7TeV)+19.7Mm"' (8 TeV)+ 23" (13 TeV)

CMS Run 142

49Mm" (7 TeV)+19.7 " (8 TeV) + 2.3 (13 TeV)
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