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Why search for BSM Higgs”

The Run I of the LHC brought the discovery of a new particle, and
opened the quest for understanding its properties and decays, in the
SM context, and beyond.

MSSM ?

Is the new boson really the minimal SM Higgs?

?
e |sthe signal strength, where seen, at the expected 2HDM+S? 2HDM *
SM level?

¢ |s this a scalar, and not a pseudo-scalar or tensor?

e Does it couple to the SM particles at correct level? é}p
t,b,T,u (g Sy
e Does it couple to itself ? /’9 &f>

¢ |s this the only new non-vector boson, and not one
of several?

Higgs Triplet?

e Does it couple unusually ?

What has 13TeV data said so far?

2




Outline

e Summary of Run | coverage
e 13TeV search for MSSM H—tt NMSSM 2
e DiHiggs results
e 2HDM

e Charged Higgs

2HDM+S? 2HDM?

e Exotic decays

é“l,p/r
e |[nvisible Hi S’}’
g8s .9@,,

Higgs Triplet?

Only recent results shown! For the full picture:



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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What was the landscape at the start of Run 7

Before exploring 13TeV, a small stop to explore the view from the top of Run I:
e Many extra scalar searches performed at 7&8TeV by both experiments
e No hints of new physics in Run I

e But there is still a lot of uncovered phase-space - specially at high mass!
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What was the landscape at the start of Run 7

Before exploring 13TeV, a small stop to explore the view from the top of Run I:
e Many extra scalar searches performed at 7&8TeV by both experiments

e No hints of new physics in Run I

e But there is still a lot of uncovered phase-space - specially at high mass!
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\s=7TeV, 45-4.7 b
\s =8 TeV, 20.3 fb™

EW singlet
= SM

Obs. 95% CL: k?<0.12

2015 dataset already
competitive for some of thesq
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What was the landscape at the start of Run 7

CMS Preliminary <5.1fb" (7 TeV) + <19.7 b (8 TeV)
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MSSM H—=TT

- 13 TeV !

- Key channel: HTT provides sensitivity in
MSSM at high tanf, and in 2HDM at the
alignment limit

ATLAS-CONF-2015-061

 Analysis targets three channels with different T decay
modes:
* Thad Thad (Single Tratrigger , OS candidates,
DeltaPhi>2.7)
* TI Thad (Single lepton trigger, OS candidate
DeltaPhi>2.4, Mt range)

- Misidentified leptons estimated on data

 Discriminant variable: total Mt of the system

my(€, EMsS) = \/ZpT(f)EfrniSS(l — cos Ag(£, EMiss))
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MSSM H—=TT

* Model independent and model dependent results in several MSSM benchmarks
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* Non-Resonant production (self-coupling)

. Resonant production %Wb\: i
T BR(HH— XXYY)
* Predicted in the 2HDM: for some o o I
parameters of these models H—>hh is W
the dominant decay channel (low tanf3 ce ill

DiHIggs Searches

First results starting to arrive
SM production requires ~O(3/ab)@14TeV

Excesses of non resonant hh production
—> new physics

and 2mp<mp<2my) 27

Radion (spin-0) and Graviton (spin-2)
interpretation (M>250 GeV)

MU Zy vy ZZ ¢cc T gg WW bb

BR(H— XX)




c(gg—H)xBR(H—hh) [pb]

DiHIggs Searches
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Large number of final states being probed
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ATLAS: Phys. Rev. D 92, 092004 (2015)
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95% CL limit on o(pp — X™° — HH) (fb)
)

17.9-19.7 tb™ (8 TeV)
I

CMS

]

T

7ybb (arXiv:1603.06896)
Supplementary ==
Assumes SM Higgs BR bbbb low mass (PLB 749 (2015) 560)

and narrow width for X

WED: gg— X, kI=35
no radion/H mixing

o

bbbb high mass (arXiv:1602.08762)
7tbb low mass (PLB 755 (2016) 217)
7tbb mid. mass (CMS-PAS-HIG-15-013)
7tbb high mass (CMS-PAS-EXO-15-008)
radion Ag=1TeV

radion Ap=3TeV

— Observed
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CMS: arXiv:1603.06896
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ATLAS-CONF-2016-017
Nh—4D
CMS-PAS-HIG-16-002
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» Event selection selects 3/4 b-tagged jets 8 10°:\ o o pm Enenuiithl
such that two di-jet pairs are consistent ;I - Expected +20 -
with the Higgs mass. ? 102 _

 Data driven background estimations < -

* Non-resonant production of Higgs-boson & oL N
pairs —> less than 1.22 pb @ 95%CL l
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hh—=>\WWbDb

* Final state: 2| + 2b (my not in the Z mass

range)

the b-jet pair

* S/B discrimination through a BDT with

kinematic variables

CMS-PAS-HIG-16-011
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Expected 95% upper limit
Expected limit + 1 std. deviation B
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CMS-PAS-HIG-15-013

3TeV

* New resonant and non-resonant interpretations

« Categories: bbthth X (0-1-2 bjets)

» Best single observed limit on non-resonant di-Higgs production @
8TeV, 0.59(0.94) pb — 53 (84) x SM ()

CMS Preliminary 18.3 fb™ (8 TeV)

S S . --100x SM HH —> bbrt
Q 10 = 2jet2tag ¢ Observed
(\5 — Non-resonant [0Z >
- 10= ot
— = [l Electroweak

N 1= [JMultijets

é_ ; — [ SM Higgs
-Q 10 - Uncertainty
<
©

S

B 2 :

S g 1H

ElS ; | |

FWE OF

a5 CHIITIELT
a 0 200 400 600

My, [GeV]
(*) ATLAS combination of Run | HH: 70 (48) x SM

5(pp — X) x BR(X — HH) [pb]

CMS Preliminary, HH — bbtr, 18.3fb™ at \s = 8 TeV
--+-- Observed 95% upper limit
----------------- Expected 95% upper limit

[ ] Expected limit+1o

[ ] Expected limit+2 o

y, ~ eeses radion (Ag = 3 TeV)
A ‘~.\ ----- radion (Ag =1 TeV)
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Categories: bbteth, bbT,TH, DDTHTH
Model independent search: Resonant limit: <1.53-0.082 pb (2.53-0.063) @95%CL
Non Resonant limit as a function of Ky, 8.8 (7.2) pb (200xSM) for k=1

2.7 o' (13 TeV)

LCMS bb er,

E prellmlnaly channel

L lllllll T
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¢ Data

o tt
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~ Drell-

—_— m
— mH
a(pp—
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[ Other bkg.
Sy bkg. uncertainty

Yan

= 450 GeV
300 GeV
H) x BR (H— hh) = 10 pb

kmflt [GeV]

Resonant and non-resonant interpretations

—
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c.’

95% CL limit on o(pp — H) x BR (H — hh — bbzz) [pb]

102"-

CMS-PAS-HIG-16-012

CMS-PAS-HIG-16-013

2. 7fb“ (13 TeV)

--e-- Expected CLs
#8888 Expected = 1o
----- Expected +2c
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hh—bbyy

ATLAS-CONF-2016-004

* high bb branching ratio + excellent yy mass resolution

451

> Ll r L] Al L] L] ] L) L] L] Ll ] L] T T L)
& - ATLAS Preliminar)( . Di-Higgs .
v 40 1s=13TeV,3.2fb --- Single Higgs
o - 0O-tag control region ~ eeeee Continuum Bkg.
= - —— Sum

L

>

w

30 = \ } ¢ Data =

E il + + . 1 R * |
i< L | ; * o
10335 120 130 140 1éom [Ge\}?o

Non-Resonant Analysis:
<3.95.4) pb @ 95 % CL

POSTER BY LEONOR

CERDA ALBERICH

95% CL limit on 6,xBR, _,, [pb]

24 1 1 L] l I 1 L] ' T 1 L] I I 1 1 I I Ll 1 I L Ll 1 I L) Ll 1 I L) T
22 ATLAS Preliminary —— Obs. limit
ooF \s=13TeV, 32" - Exp. limit
18 [ Exp. limit t1o,,,
[ ] Exp. limit +20,,,
16
14
12
10
8
6
4
2 ' ' l 1 1 ' I 1 1 ' I L 1 ' I L 1 1 I L 1 1 l L L 1 l L
280 300 320 340 360 380 400
my [GeV]

Resonant limit (narrow resonance):
ranges between 7.0 pb and 4.0 pb
(7.5 pb, 4.4pb expected) @ 95%CL for
masses of the resonance between
275 and 400 GeV
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hh—bbyy

CMS: arXiv:1603.06896

* high bb branching ratio + excellent yy mass resolution

o(pp — X) x B(X = HH — yybb) (fb)

CMS 19.7 " (8 TeV)
| I LI I LI I LI I LI I LI I LI I llllllll I T L]
— WED: kl = 35, kIMPl = 0.2, elementary top, no r/H mixing .
102 ra:!on (ﬁ“ i} ? ?V) ------- Observed 95% upper limit ~ __
E L ( R~ ] eV) nunnnn Expectaj 959, upper limit E
- =" AS1 KK-graniton I Expected limit + 1 std. deviation -
— ==== Bulk KK-graviton P !m- sid. ev!a -on —
10 Expected limit + 2 std. devnatlon__
e E
107 =
10—2_;!0:I|IIIIiIIIIII..l..l'h-lIIII|IIII|IIII|I|||l||||||—
300 400 500 6 700 800 900 1000 1100
esonant Anailysis.
| |

* radion (Al'=1TeV) excluded for
M<980 GeV

* RS1 KK graviton excluded for 325
GeV-450 GeV (k/MPI=0.2)

19.7 7 (8 TeV)
Illllll lllllllllllllllllIllllllllllllllllllllll
8 10 CMS =
2
g -
T 1F E
I -
L r
@ u
X 1
107 3 iE
T - ----- Observed 95% upper limit \,.
T [ === Expected 95% upper limit "._ 3 i
%02 | - k=10,c,=0, %/ [J]Expected limit + 1 std. deviation _
- Assuming SM H decays Expected limit £ 2 std. deviations 3
l'l-IIIIIIIIIIIIIIIIIIIIIIllIIlIllIllllllllllllllll-ll
20 -15 -10 -5 0 5 10 15 20 25

K
Non-Resonant Analysis:
« SM-like limit on the
o(gg—HH—bbyy)<1.85(1.56)fb (74x0swm)
* Anomalous couplings interpretation:

values of the self coupling excluded for
Ka<-17 and Ky>25
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500

m [GeV/c ]

2HDM searches

125}

+
AH

+
H,H

+
H,H

h

A

MSSM-like

im2HDM

im2HDM

* Most of the analyses
in this talk can be
interpreted in terms of
2HDM, but the
following target these
models specifically
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H—ZA

Interpretation in the context of Higgs-doublet-

model with twisted custodial symmetry, leading
to a mass triplet mu.~mnu , and pseudoscalar A

21+2b final state

Final discriminant: mass of the full system (llbb)

Limits are set on cross section times branching ratio
for three mu hypotheses, as a function of ma.

2.3 (13 TeV)
- CMS mesmon
- Preliminary M - 7ok deviation

- + 2 std. deviation

= [ o, (tan p =0.5)
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—— CL, Observed
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CMS-PAS-HIG-16-010

CMS Preliminary 2.3fb' (13 TeV)
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|JATLAS Preliminary —*— Observed (CLs)

-
o

=3 - Expected (CLs) 3

C (sL13Tev, det=3.2fb - o .

21+2b and 2v+2b final states A\ Az zmb 122 expected (oLo,
\ __._Z—=ll expected (CLs)

21+2b is similar final state to the CMS search,
but different interpretation and analysis! CP
odd scalar decaying to Z h(125)

1 llllllll
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Categorised as a function of #leptons, #bs, and

95% C.L. limit on o(A—Zh)BR(h—bb) [pb]

C—] N lllllllllllIlllllllllllllllll]ll
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g T msmbernper | || & [ T A on mymetn ev ripen]
ety || R o e
Interpretation in the 2HDM plane [ramsz ' Boass  Fomos f La-22 & Demi .-
ATLAS: SHOWN IN | % Z|n '
MORIOND .. vl V4. ... ...
-08 06 -04 02 O 02 04 co::ﬁ-ao)a . . 4 - -ws (ﬁ-a)
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Events / 4 GeV

H—//—4

CMS-PAS-HIG-15-004

» Extension at high mass of the SM analysis shown yesterday by Luca Fiorini
* Narrow resonance search: up to 1 TeV
* Includes interpretation in 2HDM (mu vs tan(f3), typel and type2)

CMS Preliminary 2.8fb" (13 TeV)

— I L l ] 1 1 1 1 L L
14— e Data 1
T [ ] H(125) g

B |:| qq_>zza Z'Y* N
12 B 99-2Z,Zy* ]
N [ Z+X N
10 — ' —
of- -
— [ 'y -
6 ¢ - =
o |l il H B
- /] | ; |||| [ '
ok Ilﬂlllll ‘...__ R
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o (gg— X— ZZ— 4L) (fb)

CMS Preliminary

2.8fb' (13 TeV)

—
o

— Observed 95% CLs
fSssss =0, expected + 1 s.d.
------- I'=0, expected *+ 2 s.d.
['=5GeV
------- I'=20 GeV
I' =40 GeV

200 300 400 500

600 700 800 900 1000
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tanf

|_| _DZZ — 4‘ CMS-PAS-HIG-15-004

» Extension at high mass of the SM analysis shown yesterday by Luca Fiorini

* Narrow resonance search: up to 1 TeV

* Includes interpretation in 2HDM (mu vs tan(f3), typel and type2)

2.8fb" (13 TeV)

CMS 2HDM Type II, cos(B-a)=0.1
Preliminary M = M, = m,, + 100 GeV

b cccccicetetttctcctaibettectcctctcctcttccanfecccccceccccrccccscansl L T e e e -

2.8fb" (13 TeV) o

CMS 2HDM Type I, cos(B-0)=0.1
Preliminary My = My, = my + 100 GeV ’

tan

I S — | —— obs. 95% cL i R e | 77 Obs.95%CLImit |-

e ______________________ .......... Exp. 95% CL limit N I— ........... Exp. 95% CL limit |

~ ' % H—ZZ—4l (HIG-15-004) |
727541 (HIG-15-004) 7 H-ZZ-41 (HIG-15-004)
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:
i
W & 01 0NoWO
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Non-perturbative region | Non-pertgrbatnve r §9l0n
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Events / 20 GeV

Data/SM Pred.

I_l ZZ 2 | 2 CMS-PAS-HIG-16-001
V ATLAS-CONF-2016-012

* 2 leptons + EtMiss / Mt

* Data driven modelling of backgrounds —> good prediction of tails
* ATLAS: Limits on narrow width high mass resonance and RS graviton
* CMS: high mass resonance + EW Singlet and 2HDM

2.3 (13 TeV)
T i o o o e A s e >107 T T [ T T T T [ T T T T
10 ATLAS Preliminary —#— Data --¢- ggF H (300 GeV) 3 M.S. ¢ data [ Instr. MET B Top/W/WW
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104 102 E:
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CMS-PAS-HIG-16-001

H—//—2|2Vv

ATLAS-CONF-2016-012

(=]

95% Limit on ©

2 leptons + Exmiss / My

Data driven modelling of backgrounds —> good prediction of tails
ATLAS: Limits on narrow width high mass resonance and RS graviton
CMS: high mass resonance + EW Singlet and 2HDM

231" (13 TeV)

10° = /i 10° =
2 - 3 e CMS [ A ©
- ATLASPreliminary - Expected Median = 0.9 EPreliminary /o g
10°E . I Expected t1c6 — P 05
g 13TeV, 3.2 Expected 26 0.8 i X
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- 0.6 o P
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: - 0.5 i
10°F 2 0.4 88 s s
: . 3 0.3 . o a
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- . .' ' —o— NWA H Observed (CLs)
- ATLAS Preliminary T
" H—ZZ-llqq

\s=13TeV,3.21b"

...... NWA H Expected (CLs)

1

H—//—2|20

Search for high mass Spin0 and Spin2
resonances

Competitive above 500 GeV

Both resolved (jj, tagged and untagged)
and boosted (J) analysis

Simultaneous fit to my; and my;; SR and
CR for merged and resolved analysis

~—®— [ymy [5%) Observed (CLs)

10
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300 400 500 600 700 800 900 1000

95% C.L. limit 6(gg—H)xBR(H—Z2) [pb]

ATLAS-CONF-2016-016
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: ATLAS: JHEP03(2016)127 ; JHEP 03 (2015)
dlf'ge [O[OISTN o::: piys.Rev. Lot 114, 231501 (2015
* Predicted in 2HDM/MSSM: CMS: JHEP11 (2015) 018

 Dominantly produced in association with a top quark JHEP 12 (2015) 1
 Direct production searches for my=>m¢mp
* Top quark decay searches for mps<mi-mp

 Large variety of Hxdecays probed in Run [: tb, cs, Tv ; VBF H=>W=Z —> No surprises

Tt \QQQQQgQQQQQp i
vt
H+
@ = = ——————
b
g b
(Nolololololololololor. >

_cms_ 19717(8TeY) @ T R R = e -
20008 9 ¢ [ CMS 2 oyt
Ir > . *(E -.(E
T o . E - > Hb)H*
% 0.08 Observed [+ jets . t > HbD ﬂ?—w*vt( fi)nal states:
c 0.07 — Expected t— H'b, H* - ¢5 _: - H'>t'v,, 1, +jets final state 3 7, +jets
% 0.06 [ Expected limit £ 16 B(H* — ¢5) = 100% : MSSM m[°* \‘ibtﬁnal st;tes:
£ 0.UBE Expected limit+ 26 E —-m Observed +jets, uc,
] : 10 Excluded 10 MSSM updated " E
- == Expected median * 1o F e —=— Observed 1
[ e Expected median + 2¢ > [ JExcluded - .. ]
I mhussM =125 GeV median + 1o
| wx mhussu £125¢3GeV 4 L e Expected median + 2¢ |
- miSSM = 125 GeV
Low-mass H —— mSSM » 125+3 GeV
almost completely
. : lexcluclied inIMSSIVII scenlarios AL | 1
%0 100 110 120 130 140 150 160 éO 100 110 120 130 140 150 160 00 250 300 350 400 450 500 550 600
m,. (GeV) m_. [GeV] m,- [GeV]
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S [ ATLAS  Postbkgoonlyfit -
@ 2500/ \s=8TeV,203fb" @ Data fielF -
& [ gootH'(b) 25i(>30) MMttecc  Mtibb ]
W 5000 Other bkg ZTotal unc.
- __ Total bkg .
1500 7 in sig+bkg fit -
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* Dominant decay mode at High Mass

ATLAS: JHEP 03(2016)127

CMS: JHEP 11(2015)018

8TeV

» Lepton+Jets final state — Fit to 5 regions (4
control regions based on #jets/bjets + 1 signal
region)

» Signal/Background discrimination through a BDT
trained for Mp-=300 GeV, 500 GeV

o(gb—tH")xBR(H"—tb) [pb]

I IIIIIII

ATLAS = Observed limit (CLs) .

\s=8 TeV,20.3f0" ... Expected limit (CLs)

gb—)tH+(tb) - . —E
*+ 20 E

Exp. limit with injected signal
m,-=300 GeV, cxBR=1.65 pb

OBRM tanp=0.5 el ~_ i
| —-oxBRM™* tang=0.7 Tl ~~
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H* —>TV

« H—>T1v decay channel represents a clean
signature and substantial BR (~10%) in

several MSSM benchmarks.
- Event Selection

« Etmiss trigger & EtMiss> 150 GeV
« =3 jets including =1 b-tagged jet

e« 1tTandnoeorpy ; mt>50GeV
> 105 I I I I I I . I I 'I 1 I I I ?
8 104 ATLAS =D|boson %tt&smgle—top E
) Z+jets MisIDj — 1 E|
i . \s =13 TeV, 3.2 fb” [ MisiD e/t — 1 ---- H — tv 200 GeV (x5) -
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L%a 10°F ™ eo-neaooio-
10 iy
1 -+~
107" S— —
s 2
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< 1
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0 9

o(pp — [bJtH") x BR(H" — t* v) [pb]

ATLAS: arXiv:1603.09203
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8TeV

Doubly Charged Higgs

. . . T e 19.7 (8 TeV)
* Predicted in Higgs triplet models 3 oLcms i
uN-, § Preliminary + Data [ ®"*® —3I(500 GeV) 3
. . . ? I ::K@ ==§: iy
* Final state: three or four leptons probing associated g 10 - E
production (®=®=) and pair production (P+=d=),
10
* Two sets of results: 1
* Model independent search for narrow resonances
1 (o]
assuming 100% dec_:ay Br to pu, €, el, T, Te Q 215*"""""""""'“"’""*"*'*‘*‘*’*‘I“I“I'% E
* Four benchmark points that target different § % 0 20 30 @0 50" 600 Foo
neutrino mass hierarchies e (GEV)
197" (8 TeV)
100% - ee . | | CMS_
Benchmark Point ee ep et U  uT 1T 100% ™ ep Preliminary _|
BP1 0 001 001 030 038 0.30 S
BP2 1/2 0 0 1/8 1/4 1/8 T B
BP3 1/3 0 0 1/3 0 1/3 100% & et -
BP4 1/6 1/6 1/6 1/6 1/6 1/6 00% Dt e W e —
CMS: CMS-PAS-HIG-14-039 e
Benchmark 2 -Pswf‘oducm 3l) ]
CMS: EPJC 72 (2012) 2189 e s [l ‘oensorcionm |
ATLAS: JHEP 03 (2015) 041 Benchmark 4 TR

0 100 200 300 400 500 600 700 800 900 1000

ATLAS: arXiv:1411.2921 Excluded Masses (GeV)
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Rare Decays

e Run I also left a large number of searches targeting rare/bsm decays of the h(125) Higgs
o With BR(h->BSM)<0.34 allowed, there is plenty of room for new searches
targeting exotic decays
o Examples are the Invisible Higgs and LFV searches (covered yesterday), but also the h->aa
searches, which can be interpreted in the 2HDM+S model (with one extra CP even scalar s
and one extra CP odd scalar a)
h->aa->2u2b (CMS-PAS-HIG-14-041, NEW)
h->aa->4u (CMS:Phys. Lett. B 752 (2016) 221)
h->aa->2p2t (CMS-PAS-HIG-15-011 (NEW), ATLAS:Phys. Rev. D92 (2015) 052002)

h->aa->4T1 (CMS-PAS-HIG-14-022, CMS:JHEP 01 (2016) 079)
h>aa->4y (ATLAS:CERN-PH-EP-2015-187)

N 19.7 fb' (8 TeV) 19.7 b (8 TeV) o 19.7 b (8 TeV)
) g 1 1 | I3 fE b I Hslitslnl § l 1 1 1 ezell —~~ 3 L) 1 LILLELEL I eslanial § I I 1 1 1 —~~ 1 L] I 1 I 11 L] I ] 1 l L] 1 1 ] I I I g
= -3 T 10 © s
= 10°E CMS 3 “rCMS 3 CMS o s
T Preliminary T 10 | Preliminary T \ Preliminary +O 1ype-3 -+
< < L 10° \ m, = 40 GeV 3
o 10* m 10 o :
X — D X 1 e W N ... TN an
© — % X 10
© . | 2HDMss S & —
10 10 c| =2
T Type- oo =| o
ype-1 and type-2
= S 102 oo 1
a1 h—aa searches o h-aa searches S
X 1 0-6 h—aa—sppre (HIG-15-011) CI) 1 0'3 No prediction for B(a— XX) 2
E % h—aa—uubb (HIG-14-041) ° 4 h—aa—putr (HIG-15-011) O
\6 © h—aa—ttrr (JHEP 01 (2016) 079) o\ 10 4 h—aa—syyibb (HIG-14-041) ° ‘I()'1 R S =
S 1 0_7 h—aa—trrr (HIG-14-022) 8 1 0_5 oHDM+S ;’4 e-3 h—saa—stee (JHEP 01 (2016) 079) % h—aa—-pptr (HIG-15-011) §
1 h—aa—uppup (PLB 752 (2016) 146) yp h—aa—strer (HIG-14-022) (0)) h—aa—uubb (HIG-14-041) -
(@) 1 0'6 tanB =50 h—saa—syyuuy (PLB 752 (2016) 146) 1 O'2 d b d
o expeclted [ ] observed | arXiv-1312. 4?9_, expecte d| observed | exlpecte Io serve | 3
o ‘8 1 L L 1 11 L L Ll L 111 L L L1 1 -7 L L1 L 1L 11 L L L1 L 111 L 1 L1 1 L 1 L 1 1 L L 1 L 1 1 L 1 1 L 1 1 L
wn 10 10
o 1 10 1 10 1 2 S 4
m, (GeV) m, (GeV) tan

All of these need 2016 statistics to surpass the Run | sensitivity! (2-3 fb™! are not enough)
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Events / 4 GeV

Events / 20 GeV

Data/MC

ZHDM+S: h—aa—»putt / h—aa—ppubb

 These are the most recent results of the CMS series of low mass aTeV
pseudo scalar searches at 8TeV (4y, 41, 2u2T, 2u2b) €

CMS-PAS-HIG-15-011 | CMS-PAS-HIG-14-041
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o —0.
4 ) QMS (O o Data .C.MS yol " Expected + 26 CMS
10 Preliminary o F Preliminary g: - .
o - Signal + background T L Expected + 16 Preliminary
10° PEE best f, m,, = 35 GeV S 0-0021™ o Opserved
g € [ o
102 :>j I L
1ok oo 00015
10 I
0.001
1 \
10-1 NIV AN AV NTIRN) N AR NS N N 00005_
100 200 300 400 500 600 700 800_900 ’ -
m,,; (GeV)
2 j -
15 —.— 111 1 I 1111 I 1111 I 1111 I 1111 I 11 1 1 I 11 11 I 1.1 1 1
lé*%m ~e-e-o- " -0-9-4- HH—é 25 3 35 40 45 50 55 60 65 %
’; m, (GeV)




Invisible Higgs Decays

Higgs decays to undetected particles -> connection to Dark Matter Searches

* Challenging signature: ETmiSS

« Use associated production (WH and ZH) and
weak vector boson fusion (VBF) to tag the
events

« Background modelling (QCD/WdJets/DY) is key

RUN | Summary: 95% CL limit on BR for M 10
PRL 112, 201802 (2014): <75(62)% S 10741
ATLAS Z(Ih H @ 104 :
arXiv:1504.04324: -
<78(86)% S 10 -
ATLAS W/Z(had)H (86) 3 10470 =TT 2‘;?3"};,""2
ATLAS'CONF'201 5'004: <29(35)0/0 E 1074 ::’“,,a"'*' ;:lsiln::l:lg?(s 20.5?(,1:‘9.0:* f;g:nn?'ls ::
VBF § 10_51 = No xw: aszsurfnpt?on;' B‘;ij<o.(222;t 90°'/:vCL B
. - DAMA/LIBRA (99.7% CL)  ATLAS 90% CLin .
VTt B G e
ssi — CEESST I 90%/°|.) % M:(l:?;:na Wimp :
CMS HIG'1 4'038 <47 35 o/o 10 __ ?5??&?2%09?2:02}) ‘‘‘‘‘ i e ;
VBF update (including (35) 107 e
: 1 10 10 10°
CMS HIG-15-012: IMP mass [GeV]
<36(30% :
min | Combination SOOI ATLAS: JHEP 11(2015)206
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Events

CMS-PAS-HIG-16-008

Z(INH(Inv)

Events / 5 GeV

2 3 fb 13 TeV
edta  mw  CMS » DiLepton + Angular Cuts + high Et™iss, MT
[ Z+jetsly WW+top-quarkpre/,m,nary a ) ) ) )
20l mwz — ZH(125) 0jotcateqory | * Template fit to My distribution
L zz |
: * Four exclusive categorie (ee,up) x (0-1 jet)
Mi=125GeV —> o(pp—ZH)xB(H
— invisible) <1.1 pb at 95% CL
___ cms 23 b (13 TeV)
] fe) i | | | l | | |
200 400 600 800 1000 L | - 3‘“’29“’9" ] y
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my [GeV] Q i . Expected *+ 1o it +0/ jets |
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L B R B A — 7)) e &SM
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. [ Z+jetsly WW+top-quarkpre/,mmary ] E : :
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10° F E T 7 ]
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X 1 -
XL |
N :
N L o g s B —
I | b llllllllllllll\“‘"‘:&hld—LH—l.lllIIl|III|III|IIII
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\/B I: I_l (l ﬂV) CMS-PAS-HIG-16-009

230" (13 TeV)

0 E —e—Daia
- Final state: 2 Forward Jets (high My, @ 405~ preliminary == 0ch W="ev
high An) + Ermiss i s SR
305— :W’D
E SRy
— . C —NV
- My=125 GeV —> oxB(H — e = Sionaf )
invisible)<0.69 (0.62) at 95% CL 102—
S5E-
=
« Combining with 13TeV ZH and 8TeV - 2 S VU S
results —> 0.32(0.26) oL M 2 10 17 Shta o IS SIS AU—
8 0 3000 35'o(|)v| (fdoo
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g 9§ CMS 95% CL limits o, 0-2.30 fb™" (13 TeV) + 18.9-19.7 fb™ (8 TeV) + 0-4.9 fb™ (7 TeV)
g 8; Preliminary Observed I.im.it 5 1.35— 95% CL limits CMS
* E VBFH_ invisible Expected limit o E Observed limit -
- — invisible o =60 o Preliminary
T 7= 1 Expected limit (1o) - SRR Expected limit
3 6 Expected limit (20) jT: 14— [ Expected limit (10)
© 55_ e oyge (SM) o 1 25_ Expected limit (20)
3l:
32 0.8;—
23 0.6:—
= 0.4
1—
= 02
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600 .
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13 TeV: What about DiPhotons?

| will not talk here about 750 GeV...
(See tomorrow ;) )
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S [ ATLAS Preliminary & B [ ATLAS Preliminary =
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H—yy+MET

Two signal models: decays of a heavy scalar into a
Higgs boson and a pair of dark matter candidates,
and a vector mediator emitting a Higgs boson and

decaying into two dark matter candidates

Four categories based on Erand P+(yy) to increase

sensitivity to the two signal models
Analytical fit to myy

ATLAS-CONF-2016-011
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Conclusions

o [sthe 125GeV Higgs boson really the minimal SM Higgs?
e Does it decay unusually?
e Are there more Higgses?

o With the restart of the LHC, the ATLAS and CMS collaborations are working hard to
answer these questions
e Large variety of models under the experimental lens : EWS, MSSM, hMSSM,
2HDM, 2HDM+S, RSG, Higgs Triplets,...

e The LHC program for BSM Higgs studies has re-started with force
e New2-3fb " @13 TeV results arriving to compete and in some cases already
surpass our 20 fb" @8 TeV ones
o We are ready to attack the analysis of this year’s data

o 2016 might be the year! Stay tuned!

For the full picture
of Higgs@LHC:



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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GRACIAS!



