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Observed Higgs boson may be part of extended sector

= Highlight of LHC Run 1: SM-like Higgs boson observed at m = 125 GeV
by ATLAS and CMS

Maybe part of larger Higgs sector?

> Many models beyond the SM predict new (pseudo)scalar bosons
= Two-Higgs-Doublet models (2HDM)
= Supersymmetry (MSSM)
= Models with new electroweak Higgs singlets
= Models with Higgs triplets

> 2HDM (and MSSM) predict two SU(2) doublets
resulting in 5 physical Higgs bosons

= Charged H* and H- h often assumed to be observed
Higgs boson at 125 GeV

— |eads to stringent constraints on
= Neutral CP-odd A allowed model parameter space

* Neutral CP-even H and h



Explored parameter space depends on model assumptions

> 2HDM benchmark models

= type-I one doublet couples to both up-type and down-type fermions

= type-ll one doublet couples to up-type, other to down-type fermions

14 free parameters but can be reduced by assumptions

= tan(R) ratio of the VEV of the two SU(2) doublets
" mixing angle of mixing matrix
=m,m,m,m., physical masses of Higgs bosons

=m, Z, breaking mass parameter

> MSSM is example of 2HDM of type-II

= Usually scanning 2D plane of tan(l3) vs mass parameter

= New bosons could couple to fermions (t, d, t, b), SM bosons (h, W, 2)
and each other

- rich phenomenology at the LHC!



HIG-16-007

BSM Higgs summary of CMS Run-1 CMS, 7+8 TeV

> (Re)interpretation of 8 CMS Run-1 analyses in 2ZHDM and MSSM models

> Choice of fixed parameters motivated from theory + experimental constraints

> Complementarity of experimental
BSM searches explores large « 60
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No significant signal observed in Run 1

> Some moderate excesses at 7+8 TeV

Search Topology Excess Localc Globalo Citation
H-WW vJ 700 GeV 2.6 0.5 CMS,
combination  1504.00936
reso - Z+bb lIbb (m,m,,)= 2.6 1.6 CMS,
(95,285) GeV 1603.02991
(mbb’mllbb) = 285 19
(575,660) GeV
A-Zh llbb 560 GeV 2.6 1.1 CMS,
1504.04710
H*—tb ttb(b) 200-500 GeV upto2.4 ATLAS,
1512.03704
reso—hh various 300 GeV (yybb) 2.5 ATLAS,
1509.04670

> No evidence or observations, but interesting channels to follow up at 13 TeV!
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Charged H*
H* - 1v, tb
H: - W:Z

H/A - fermions
H/A - TT
H/A - bb
H/A — tt

H - ZA, H/A - Zh
H/A — SM boson pair

H - hh
H - ZZ, WW

Disclaimers:
personal selection of searches, many
results not covered in this talk!

Main focus on newer results,
with CMS and ATLAS balance

Will not put much emphasis on

comparison of results between experiments
(note: sometimes requires careful
evaluation of signal model assumptions)



Charged H*
H: - tv, tb
H: - W:Z



CONF-2016-088

ATLAS, 13 TeV
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CONF-2016-089

ATLAS, 13 TeV
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HIG-16-027

CMS, 13 TeV

= Coupling in 2HDM only at higher order, in Higgs Triplet models at tree level

Discriminating variable:
transverse mass WZ system

3 leptons (muon or electron) 12.9 b (13 TeV)
MET > 30 GeV € [edm  mww cms |
. = i Vay© Non-pro mpt i
2 ]etS, |An| >25 |_u —-wzy —mH1=7%o GZV, Qeei'f.rc')mary
] 40 | B zz N\ Stat. @ Sys. unc. |

dijet mass > 500 GeV

2016 data

Z candidate from OSSF leptons 20|

> Dominating background Wz ° 200 eV,
and non-prompt leptons a0 _CMS Primiary 15.2 16" (13 TeV)
(latter estimated from data 2 | = Oboerved .
using fake rate method) g 1400 ST
. . . 1200
> Systematics: WZ normalization ; 1000
(obtained from control region), £ a0
non-prompt lepton background,  x ew
. ©
jet energy scale, ... 400
200
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H/A - fermions
HIA - Tt
HIA - bb
HIA - tt



CONF-2016-085 HIG-16-006

ATLAS, 13 TeV CMS, 13 TeV

= Gluon fusion and b-associated production
T_T _ channel: 1t and 1 lepton

lep "had had-vis
‘ T T  channel:2t1
Ll [CMS] ep channel: 1 electron, 1 muon

Event categories according to presence
of b-tagged jets

= Discriminating variable: ~transverse mass of di-tau system
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CONF-2016-085 HIG-16-006

ATLAS, 13 TeV CMS, 13 TeV
> Systematic uncertainties ATLAS: = Systematic uncertainties CMS: top
top background parton shower background normalizations, T, _
modelling, T, energy scale, mis-identification rate, T trigger, ...

multijet estimation, ...
231" (13 TeV)
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HIG-16-025

CMS, 13 TeV

= Narrow spin-0 resonance, can be interpreted as a heavy Higgs boson

>2 medium b-tagged jets with =21 also tight b-tagged
2 jets with highest b-tag output: p. > 100 GeV and An,, < 1.6

veto on leptons
> Background prediction of m_ variable from smooth data-derived function

Signal parametrized as convolution  Systematics: jet energy resolution, b-

of gaussian with exponential tagging, choice of background PDF, ...
-
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§ g:\g?n inary Sp;m—([)),artr;)( =750 GeV %1 oL Srggmar X— bbl,ngQ/roaalt_oLrjfgiro I-|1m|ts
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CONF-2016-073
ATLAS, 8 TeV

1 muon or electron
> 4 jets

t > 1 b-tagged jets
MET > 20 GeV

= Semileptonic top pair system reconstruction via kinematic fit

> Interference effects between SM tt and H/A - tt create 'peak-dip' structure

in m_ distribution > 25?‘193' S S BN vy 7o S B
tt 15} L ATLAS Preliminary — AH(S+)X7 i
- Q C is=8TeV, [Ldt=20.3fb" m=750 GeV, tan}=0.7
T L e o e e e e N O Single t ]
& 200 Bl c:iets . . T o 20r =IVIILTI_€t;ii?9top 1
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8] B ] 15— [ Unce_rtaintx —
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o K S+l i C ]
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B ] - b-tag category 1 i
] St ~
ok _
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CONF-2016-073

ATLAS, 8 TeV

> Systematic uncertainties: jet energy scale and resolution, tt cross section,
parton density functions, ...

= Upper limits on signal strength (non-trivial scaling of resonance and
interference parts) vs tanf3

pseudoscalar mass 500 GeV scalar mass 750 GeV
5 10°E 3 10°E
? Is=8TeV, det =20.3fb"  ATLAS Preliminary E \s=8TeV, det =20.3fb" ATLAS Preliminary
- ;_ gg—A-tt, m, =500 GeV . ;_ gg—H-tt, m, =750 GeV
= sin(B-a)=1, Type Il 2HDM = sin(B-o)=1, Type Il 2HDM
1 1E
E —&— Observed ; —e&— Observed
B/ AR TR Exp. 95% CL upper limit [ L Exp. 95% CL upper limit
107 E_ - Exp. * 1o uncertainty 107 E_ - Exp. £ 1o uncertainty
- |:| Exp. £ 20 uncertainty E \:| Exp. + 26 uncertainty
10_2_ b b b b b by by ey ol Lo b b b b b L 1y
0 1 2 3 4 5 6 7 8 9 04 06 08 1 12 14 16 1.8 2
tanp tanp
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H - ZA, HIA - Zh



HIG-16-010

CMS, 13 TeV

> Mass hierarchy might allow decay of one A e e
new Higgs boson to another
> Consider decay of H to Z (decaying to 2 Z ; )
leptons) and A (decaying to 2 b quarks) c
2 OSSF leptons 4
>2 b-tagged jets O issiTike —TmaHBM  TmaADM

> Depending on (m_, m,) hypothesis, consider rectangular signal region in

( lIbb? bb) p g
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CONF-2016-015

ATLAS, 13 TeV

> Channels targeted: Z - ee, yyd, vv and h - bb

categories based on #charged leptons (0 or 2), p, Z candidate,
#b-tagged jets (1 or 2)

a T | I'TT | T TT | I'TT | T TT | I'TT | T TT | ' TT
- B —A—>Zh m =600 GeV Type Il |
=~ Discriminating variables g |amas 7 . "
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% 10° 2 lep., = 2 jets, 2 tags e Jh
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H/A - SM boson pair
H - hh
H- ZZ, WW



HIG-16-032

CMS, 13 TeV

= Search for resonant production of two SM-like h bosons (hh - bbyy)

>2 photon candidates
dijet candidate (2 jets with highest b-tag scores)
window of mass(jjyy) depending on signal hypothesis

CMS Preliminary L=270fb"' (13 TeV)

=

8 I:I Graviton M, = 300 GeV l ggH(vY) 4 pata (2.70 b™) P . f_ f 2 I d f' d
2 e Stat Uncertainty = Parametric fit of 2D plane define
s 0 D Radion M, = 600 GeV

5 || iv+Jetsiij+ets || vBF Ham)

2

w

R PO N N by diphoton and dijet mass

CMS Preliminary L=2.70fb" (13 TeV)
a
= ~  pp—>X—HH—bbyy ---e--- Observed 95% upper limit
1 § ~  Spin-0 Resonance Expected 95% upper limit
. I Expected limit £ 1o
g - S [T Bulk Radion, Ag = 1 TeV P m
E T 10 Expected limit + 26
100I = I110‘ = 120 = I130 = ‘140‘ = I150I = ISO 170I — 180 I :
M(yy) [GeV] T IRRRGEER
. CMS _Preliminary L =2.70fb" (13 TeV) >
E . D Graviton M, = 300 Gev || 99H®Y) 4 pata 2.70 1b7) T .~
a ° | KG% Stat. Uncertainty Q. B S
2 D Radion M, = 600 GeV o e
§ o* I}y+Jets/jj+Jets l VBF H(yy) \6 .
w o D SM Nonresonant HH I yy+Jets I VH(vY) 1 O -
10% C
10 :
Q1. * * * i * { ’ % * t i 1 * l 1 1 : 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I
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Backup: example of H - hh - bbbb (ATLAS, 1606.04782) 21
excluding cross section x BR above 300 fb in range [0.5,3.0] TeV



HIG-16-001
CMS, 13 TeV

H-ZZ7

> Search for heavy scalar boson decaying to ZZ — 2I2v

2 OSSF leptons (muons or electrons)
p, dilepton > 55 GeV

MET = 125 GeV

= Jet multiplicity categories
= VBF category: =2 jets with large pseudorapidity gap and high mass

= >] jets failing VBF

=0 jets
> Discriminating variable: m_ of dilepton and MET system
CMS Preliminary 2.3fb (13 TeV)
e data = Top/W/WW C— Instr. MET & ZVV @ W2
| — 4 ggH(750) = = = qqH(750) =3 Syst. + Stat.
E T T Tee jets | T Tee >jets |
i 1 10
105— _E 10
E ] Pl e — L1 7 Jemmmmmpromms
[ » ;
e “ 3
s poooooociooooooc 3 : 107!
1200 10 200 800 1000 1200 10 200 400 . 600 800 1000 1200

1
107500 400 600 800 1000
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HIG-16-001

CMS, 13 TeV

> Systematic uncertainties: QCD scale in simulation, jet energy scale,
background estimation, ...

> Interpretation in type-l and type-ll 2HDM models

2.3fb" (13 TeV)

2.3fb (13 TeV) 3
= 10 10?’b£ = 10 10° <
§ ﬁ § ﬁ

0 0
10% 10%
0 1
N 3
10 & 10 &
2 3
S 5
1 1 1 : 1
T 10_1 '.:--I‘I _n 10_1
200 300 400 500 600 200 300 400 500 600

M,,, [GeV] M, [GeV]
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CONF-2016-082

ATLAS, 13 TeV

> 2-lepton analysis (llqg channel) MaSS. (dlileptoln diet) .

> T , i
@10“.— ATLAS Preliminary <4 Data

. . 2 Va=13TeV, 13211 g gz‘;:tsev (0.1pb) 3
= OSSF electrons or muons in Z mass window il Hozzo e S o o

Untagged SR, ggF 1 Top Quarks

7z, Stat.@Syst. Uncert. |
= = Pre-fit background

= large-R jet (decay products from Z merged) or
>2 small-R jets (not merged)

O-lepton analysis (vvqq channel)

= MET > 250 GeV, veto on leptons e
. e 7
" large-R jet R
m(etjj) [GeV]
> Systematics: large-R jet energy 8 [ ATLAS Preliminary | —e— Observed (CLs) ]
scale and resolution, W/Z+jets N 10 gg-oH-2Z-laq L Dipected (L9 4
. T \s=13TeV, 13.2fb™ N 3
dell 4 | +20 -
modelling, ... £
_ = "’ _p 500 GeV: moderate excess s
> Interpretation as new heavy scalar § ¢ 2.750 local (1.4 global) -
SR |
E 10 E E
10_3;_ ] | | | | _;
500 1000 1500 2000 2500 3000
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> Observed Higgs boson at mass 125 GeV may be part of an extended
Higgs sector

> Many BSM models predict new scalar, pseudoscalar and charged or
neutral Higgs bosons (2HDM, MSSM, ...)

> Rich phenomenology, extensive experimental program in ATLAS/CMS
Many searches at 7 TeV, 8 TeV and now 13 TeV found no evidence
13 TeV results more stringent in much of the parameter space (but not all)

= Currently only few small excesses at 13 TeV exceeding 20

Search Topology Excess Localc Global o Citation
reso—ZZ/\WZ llqg 500 GeV 2.75 1.4 ATLAS, CONF-
2016-082

> Many exciting results expected in the near future!
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HIG-16-007

BSM Higgs summary of CMS Run-1 CMS, 7+8 TeV

= Additional limit summary plots

CMS Preliminary  <5.1 1" (7 TeV) + <19.7 fbo (8 TeV) 60 CMS Preliminary <6.1 " (7 TeV) +<19.7 i (8 TeV)
2HDM Type I, cos(B-0)=0.1, m, = m,;. = m,, + 100 GeV T 5ol hMSSM
e 9r - 1 7 a0] /
S gk [ Observed exclusion 95% CL - : // / /
7k === Expected exclusion 95% CL - 30| V/‘/ i o
6 [ ] h(125) (HIG-15-002) i 5 /‘/Z -
5L | H— WW/ZZ (arXiv:1504.00936) | | 20 < % /
[ ] A/H/h— 1t (HIG-14-029) /
4k [ ] A—ZH—lkt (arXiv:1603.02991) | 7
[ ] A-ZH-sllbb (arXiv:1603.02991) / g _ _
3 Non-perturbative region _ 10 2 Model not strictly applicable _
]
\:l Observed exclusion 95% CL
2K 7 6 % Expected exclusion 95% CL
S [ : : : ,' Model not strictly applicable
4 [ ] h(125) (HIG-15-002)
3 .| A/H = bb (arXiv:1506.08329)
1 — A/H/h — pp (arXiv:1508.01437)
7 > [ ] AMHMh > 1z (HIG-14-029)
: b o
i [ JhH- hh (bb;(y) (HIG-13-032)
05 - T ] ] || H> Ww/zZ (arXiv:1504.00936)
200 300 400 500 130 200 300 400 500 600 1000
my, [GeV] m, [GeV]
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1508.07774

CMS, 8 TeV

= Production/decay dependency on mass hierarchy of H* and top

Vr

-
HT | 7
.~ ! vt
H-I—
- -————————
Yb
g b
-

Decay mode  Signatures for myg+ < my—my, ~ Signatures for my > my —my,
pp —+ tt— bH*bH~/bH*bW~- pp — t(b)H*

HY = 7, T+jets®) T+ets®), yT}Eﬁ) )

H* — tb — y’rl{lﬁ), 07), (ets(®)

> Discriminating variables: transverse mass m_of t_ and MET system, b-
tagged jet multiplicity, and H_ (scalar sum of p_ of jets)

GeV
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Data/Bkg.
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1508.07774

CMS, 8 TeV

> Systematic uncertainties: t identification, b-tagging, tt modelling, ...

> 95% CL limits can be derived on cross section (x branching ratios)
or in specific MSSM scenarios

19.7 fo' (8 TeV) 19.7 fb™ (8 TeV)

«o R rTTTpTT T T T T T T T T A «o
c - CMS (-
g g
u pp — t(b)H' .
t >HD H'—1*v_ final states:
- H'>t'v,, 7, +jets final state - T, +jets 7
MSSM m[°* . H*>tb final states:
—— Observed o _______I-g-[e_t_s,_#_:_,_[l _____________
10F 7 Excluded 100 MSSM m, B
- == Expected median + 1o %%72:;:\:; ]
L e Expected median + 26 i g
L mMSSM - 125 GeV i 9 Expected median + 16
| =~ mYSSM 4 12543 GeV e Expected median +2c
- mVSSM = 125 GeV
- a - = mSSM = 125+3 GeV .
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CONF-2016-088

ATLAS, 13 TeV

= Production of H* - tv In association with top

q = b

1 hadronically decaying t

>3 jets with = 1 b-tag
MET > 150 GeV

had-vis

q

> Discriminating variable: m_of t_, ._and MET system

> 106 T T T T | R R T T T T

© FATLAS Preliminary e Data I Z+jets

©10°F [ MisiDj— < (I Diboson

— 10* \s =13 TeV, [ tt & single-top ----- H* — tv 200 GeV (x5) Data-driven backg round

> 14.7 b’ [ W-jets --- - H = tv 500 GeV (x5) ) ) )

£ 103 : H' > ©v 1000 GeV (x10) estimation for jets and e/y

o 10° identifiedas T

10 by applying fake factors

1 0_11 derived from control regions
= P S ' T
o 1.5t Uncertainty 4 ]
5 ettt
cDUO.g- o | | + S
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CONF-2016-088

ATLAS, 13 TeV

> Systematic uncertainties: t identification, b-tagging, energy scale of
jetsand T, ...

= Limits on cross section x branching ratio, and interpretation in
MSSM context

_I |‘ | | LI | | | [ | L | | I T | L | [ I_ %60

[ ATLAS Preliminary ] Ss5
\s=13TeV, 14.7 1" .
1 = = 50 E
- —— Observed (CLs) ] ]
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- It lo . E
Jt20 40 :

: - H"hMSSM tan=60 3 35 ATLAS Preliminary -

- - 30 \s=13TeV, 147167 3

B } H" — tv; hMSSM scenario:
1072 : 25 Observed exclusion 7
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S
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CONF-2016-089

ATLAS, 13 TeV

= Production of H* —tb in association with top

g ; b 1 lepton (electron or muon)
>4 jets with =2 b-tag
Veto events with T,

{ 4 control regions, 4 signal regions; based on
’ i number of jets and b-tagged jets

q

> Discriminating variable in signal region: BDT (leading jet p,, mass of bb
pair, AR(lep, bb palr) mass of jet triplet with largest p_, ...)

[%] T T T > 0 L B B B B IR LA L P B =
s 0 ATLAS Prellmlnary -+-Data - S+B pdf 2 300 ATLAS Preliminary —+-Data Ott+ =1c —
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CONF-2016-089

ATLAS, 13 TeV

> Systematic uncertainties: tt + =1 b/c modelling, jet flavour tagging,
background model statistics, jet energy scale, ...

= Limits on cross section x branching ratio, and interpretation in

—_
o

—

o(pp—tbH"XBR(H —tb) [pb]

MSSM context

ATLAS Preliminary _

—— Observed limit (CLs)
....... Expected limit (CLs)
[ + 16

[ 1+2¢

—— m™* tanf=0.5
— m™* tanf =1
m™% tanf = 60

H— tb
{s=13 TeV, 13.2 fb™
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CONF-2016-085

ATLAS, 13 TeV

= Gluon fusion and b-associated production

TiepThad channel: 1t and 1 lepton

T T . channel: 2 T e

- angular and mass cuts for W/Z
background removal

- event categories according to
presence of b-tagged jets

= Discriminating variable: transverse mass of di-tau system

>105'"'I""I""I""I""I'"'I""I"""" - S5 B B B B B B B
8 ATLAS Preliminary —¢— Data 8 - ATLAS Preliminary —¢— Data .
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L JF HA - 1T [0 Jet— L7 fakes L - H/A > 1 T [ Mutti-jet ]
o 10 b-tag [ qc>102§_ b-veto [ =
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1
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CONF-2016-085

ATLAS, 13 TeV

> Systematic uncertainties: top background parton shower modelling,
T, _, energy scale, multijet estimation, ...

o

2

+ 10F

d
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CONF-2016-085

ATLAS, 13 TeV

> hMSSM interpretation

ﬂ 80_ | | | | | I | I | I I | I I I I I I 1 ]
5 - ATLAS Preliminary —t gbser':eg :
* 70E HA — 1,95 % CLlimits =~ j{‘:ec ? i
~ {s=13TeV, <13.3 fb” 20 5

6 01 hMSSM scenario [ ] 2015, 3.2 (Obs.)

[ ] ATLAS Run1, SM Higgs
boson couplings (Obs.)

50
40F
300
20

= =" ThadPhad (EXP-)

IIIIIIIIlIII!lII
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HIG-16-006

CMS, 13 TeV

= Gluon fusion and b-associated production

channels: ey, et, , bt T, T, .

- transverse mass cuts for W
background removal

- topological discriminator cut for tt
rejection

- event categories according to
presence of b-tagged jets

= Discriminating variable: transverse mass of di-tau system

7,7, o b-tag 2.3t (13 TeV) eu b-tag 2.3fb" (13 TeV)
S 10°F S 10t
) = C MS ‘:I Z>1T (¢b] CMS Z—1t
S L Prelimi [ Electroweak Q) 10° Prelimi. [ z-n
- 108 - Freliminary I — 0 reliminary [ Electroweak
~ e ~ o«
- 2
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C Background uncertainty Background uncertainty
% 103 - — h,H A>T % 10 ——— h,H,A>1T
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HIG-16-006

CMS, 13 TeV

> Systematic uncertainties: top background normalizations, t,_, mis-

23" (13 TeV)

identification rate, T trigger, ... CMS  woimms
L. [Jobserved M + 1 Expected [[] mYSS - 125 + 3 GeV
. U, +ET, +EU+T, T, 2.3 (13 TeV) Preliminary -~ expected = + 20 Expected— 7 + 8 TeV(HIG-14-029)
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HIG-16-006

CMS, 13 TeV

> Channels: ey, et_, ut T

had’ Thad had

> Selections targeting gluon fusion and b-associated production (O or =1 b jet)

> Discriminating variable: 2.3 0" (13 TeV)
I- 95% CL Excluded:
transve rS€ mass dl tau SyStem CMS [ Jobserved [l + 16 Expected L] mM*SS™ = 125 + 3 Gev
Preliminar Y - Expected | + 26 Expected— 7 + 8 TeV(HIG-14-029)
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HIG-16-010

CMS, 13 TeV

> Mass hierarchy might allow decay of one A e e
new Higgs boson to another
> Consider decay of H to Z (decaying to 2 Z ; )
leptons) and A (decaying to 2 b quarks) c
2 OSSF leptons 4
>2 b-tagged jets O issiTike —TmaHBM  TmaADM

im = “Inverted mass hierarchy”

> Depending on (m_, m,) hypothesis, consider rectangular signal region in

(m,,, M) plane and use inverse as control region
CMS Preliminary 2.3fb" (13 TeV) CMS Preliminary 2.3fb" (13 TeV)
> L B R A B UL > S B B B B BN BN B AN SR SRR
3 10° = ee or pp (M,e [60,120] GeV) + 2 b-jets D 3 1ot [ €8 Or kit (M,e [60,120] GeV) + 2 bjets ® o Dretivan
IS o oo, — ;L;Smp S *® o = TT Full Lept
o . zn L —
-i; -o; 102 I
w w [,
Uncertainties
10
1
107"
1072
107°
107*
&) L L T T = &) P Y0 BRI B T T T T T
= G fooit : = Gl
3 08 ‘F t + {‘ { i l 8 0.8 1
0.6 1 I I PR AR P SRS 4 B A= 0.6 I 1 1 I i I 1 I I ! I 0
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CONF-2016-015

ATLAS, 13 TeV

= Assumed decay of pseudoscalar A to Z boson and SM Higgs boson h

> Channels targeted: Z - ee, yy,vvand H - bb

Categories according to
#charged leptons (0 or 2)
p, of Z candidate (low < 500 GeV, high = 500 GeV)
#b-tagged jets (1 or 2)
Requiring 21 large-R jet in high-p_ Z categories
Requirements of dilepton mass and (di)jet mass: compatibility with Z and h

> Discriminating variable: mass in 2-lep, transverse mass in O lep categories

= T T —— - 35T T T . . B

8 . ATLAS Preliminary : Ra—t> Zh (=113 fb) 8 - ATLAS Prellmlnary : II-)\a—t>aZh (6=113fb) -
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102 110 GeV <m, <140 GeV mm Z+(bl,cl) e - 75GeV <m,, <145 GeV mmm Z+(bl.cl) =

mm Z+(bb,bc,cc) ] - mm Z+(bb,bc,cc) i

3 Uncertainty Z+l
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CONF-2016-015

ATLAS, 13 TeV

> Systematic uncertainties: jet energy scale and resolution, large-R jet
mass, b-tagging, ...

= Limits on gluon fusion or b-associated § ATLIAS A2t 600 eV Type -
production cross sections x BR, or £ | preiminary s oot tmit [l 1o bana
Interpretation in 2ZHDM parameter space 10 —r 13TeV ~ — Exp95%CLiimit 20 band
Ldt_ 3.2 fb .Excluded I'p/my>5% |
) I L I L I R I B R
Z | " Observed (CLs) |
= 10E |ATLAS Prellmlnary:f:Expec‘t’e d (CLS) -
£ C \sk13Tev, | Ldt=321v" @@= 1o ]
=3 L [ Jx2 _
o \ A—Zh— Zbb — - Z—vv expected (CLs) |
Q \ -.-.- Z— Il expected (CLs)
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HIG-16-032

CMS, 13 TeV

= Search for resonant production of two SM-like h bosons (hh - bbyy)

>2 photon candidates S U
dijet candidate (2 jets with highest b-tag scores) £ “Efamumm B

resonance search: window of mass(jjyy) ®
depending on signal hypothesis ‘

Events/(10.0 GeV,
24 3 3
AL AL AL AL R AL L AL L
=
2]
<
z

= Parametric fit of 2D plane defined P—
by diphoton and dijet mass S DR RN

| Pl Ml I 1
200 300 400 500 600 700 800 900 1000

Data/MC

My (GeV)
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3 [ Pp-X—HH-bbyy  Data 2 b pp—X—HH-bbyy 4 Data X (JJW) (JJ)
9 10 B M, =320 GeV Background modeI. g 10 B M, = 320 GeV Background model .
% [ Medium Purity Category ft”d ?rder Bemstein Pol)| =" - Medium Purity Category f"d ?’de' Bernstein Pol.) CMS Preliminary L=2.70fb" (13 TeV)
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> Systematic uncertainties: jet and photon energy oo o L

scales and resolutions, b-tagging efficiency, ... Mx4l§ew




1606.04782

ATLAS, 13 TeV

> Search for resonant production of two SM-like h bosons (h— bb)

= “Resolved” regime up to resonance mass 1.1 TeV
> 4 b-tagged jets
forming 2 dijet systems with small AR
M, dependent p_ requirements on dijets

= “Boosted” regime above 1.1 TeV

3 or 4 b-tagged jets
> 2 large-R jets with = 2 smaller-R track jets associated to each

= Discriminating variables: reconstructed resonance mass

> 10g
= — (] =
© 16— — ATLA ¢ Data
1) = ATLAS g 95 1 TSV o i [ Multijet
g 14 \s=13 TeV, 3.2 b B 8 \S§- 3| Re > 3 Bb N el
= 12 Signal Region, Resolved E 7;_ ignal Region, Boosted 4-tag SSY Syst+Stat Uncertainty
S 10E ¢ Data S B6E e G*(1000) k/Mg, = 1.0, x 2
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1606.04782

H- hh ATLAS, 13 TeV

> Systematic uncertainties: b-tagging, multijet background, large-R jet-
mass scale and resolution, ...

> Interpretation as new narrow-width Higgs resonance

o} 10% g —r 1 ' ' ' " 1 1 T T g
= - ATLAS } —e— Observed Limit (95% CL) -
g L (s=13Tev,32f" Expected Limit (95% CL) _
|g 103 - - Expected +1oc —
T § Resolved | Boosted Expected +26 §
< K i
T 10° E
T - .
T . ]
o 10g E
3 — -
o u N
TR SR MR TR NN S SN M SR PR (N MY T TN S NN T S S N
1500 1000 1500 2000 2500 3000
my, [GeV]
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CONF-2016-049

ATLAS, 13 TeV

_ _ Reconstructed
> Resonant production of two SM-like h bosons (h - bb) resonance mass in

] boosted reaime
= “Resolved” regime

- ;@‘rug Preliminary 4 paa ]
I E Vs5=13 TeV, 13.3 fo N 5
24 b -tag g e d J etS E S?gnal R:gion, Boosted 3-tag % ;Au't”et

Stat+Syst

107 | £

forming 2 dijet systems with small AR
M, dependent p_ requirements on dijets

Events / 100 GeV

10

= “Boosted” regime

2, 3 or 4 b-tagged jets
>2 large-R jets with =1 smaller-R

Data / Bkgd
= N (?D >

b-tagged track jets associated to each T —— s
m,, [GeV]

5‘1045 L L AL L L L L L L =
i~a- Ao i = [ ATLAS Prelimi Bulk RS, k/My, = 1.0 e
> SyStematICS b tagg|ng, : § - \I§=13Tev,r?3_lg:’?ary —_— Ebservsed Limit (95°%gL) ]
_multuet background, Iarge-_R 8 oL e oedamozeoy
jet mass scale and resolution = f Expected » 20 :
) - i
> Interpretation in spin-2 KK e E
graviton resonance context Lot i
\6’10? =
L i
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Events / GeV

1606.04883

H-WWI|ZZ ATLAS, 13 TeV

Data/SM

> Relevant channels: ggqq, vvqq, llgqg

>1 large-R jet, p, > 200 GeV, mass > 50 GeV

no leptons, MET > 250 GeV - wvqq
no leptons, MET < 250 GeV, additional large-R jet — gqqq
2 (OS)SF leptons in Z window - liqq

> Dominant backgrounds: multijet (qqqq) modelled as smoothly falling m |
spectrum, Z+jets (vvqq and llgqg) from control region

||||||||||||||||||||||||||

103 g P Y B D T T > 100 Dot
102 ATLAS ; — Background fit © Z+jets 8 19 amas Z+jet g
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1606.04883

H-WWI/ZZ ATLAS, 13 TeV

= Systematic uncertainties: large-R jet energy/mass scale and resolution,
lepton energy scale, theoretical uncertainties of tt and diboson, ...

> Interpretation as narrow-width scalar singlet
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CONF-2016-082

ATLAS, 13 TeV

> 2-lepton analysis (llgg channel)

= OSSF electrons or muons in Z mass window

= large-R jet (decay products from Z merged) or = 2 small-R jets (not merged)
consistent with Z mass

O-lepton analysis (vvqqg channel)
= MET > 250 GeV, veto on leptons

= Jarge-R jet consistent with Z mass

> Side-bands of (di)jet mass used to control the main Z/W+jets backgrounds

Ll N B B L B AL BN S B ] = L R L L

& | ATLAS Preliminary + Data i 8,x[ ATLAS Preliminary + Data ]
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H-2ZZ7

> Systematic uncertainties: large-R jet energy scale and resolution, jet
structure, W/Z+jets modelling, ...

> Interpretation as new heavy scalar

2-lepton analysis O-lepton analysis
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Some moderate excesses in Run 1 (l)

~ H—-WW, CMS 7+8 TeV [1504.00936]
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> reso -~ Zbb, CMS 8 TeV [1603.02991]
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Some moderate excesses in Run 1 (ll)

~ A—Zh, CMS 8 TeV [1504.04710]
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Some moderate excesses in Run 1 (lil)

> resonance — hh, ATLAS 8 TeV [1509.04670]
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Some moderate excesses in Run 2

= resonance — hh - bbbb, ATLAS 13 TeV (2015) [1606.04782]

But excess gone in 2015+2016
data analysis CONF-2016-049

2.00 local at 900 GeV
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> resonance - ZZ/WZ - Iqu ATLAS 13 TeV (2015+2016) [ATLAS-CONF-2016-082]
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