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Beyond the Standard Model

BSM physics was not observed in run-1, but there are still
many possible models to be investigated in run-2.

Higgs Triplet:

An additional scalar
triplet results in charged
doubly-charged, and
neutral bosons.

2HDM+S:

Two Higgs Doublets
and an additional
complex singlet (e.g.
NMSSM)

’

' I The observed Higgs

boson at 125 GeV could
be only the beginning.

A few examples out of
many...
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Two-Higgs Double
A' Models (2HDM):
Additional Higgs Doublet

gives rise to 5 Higgs
bosons (H,h,A,Ht)

Minimal
Supersymmetric
Standard Model:
Higgs Sector is Type-Il
2HDM. Current

Electroweak Singlet (EWS): common benchmark is
Additional singlet, resulting in hMSSM.

2 CP-even bosons.



Run-1 Results/Run-2 Prospects

Phys. Rev. D 92, 092004 (2015)
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for the future of the LHC can be seen in
the hMSSM overlay and prospect plots.

— Much parameter space is excluded, but
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there is still room for high mass Higgs to ) N ' ™, [GeV]
be found! ., _Diouadi et al: hMSSM (arXiv:1502.05653)
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This is already enough in many cases to exceed
run-1 sensitivity!


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-33/

Beyond the Standard Model Searches in this

Presentation

Many searches for run-2, as well as a few final searches
for run-1, from ATLAS, CMS, and both.

Charged Higgs ..
H:>tv (13 TeV) Di-Higgs
H:>tb (8 TeV) H>hh->bbyy (13 TeV)
ddp2lllv/4l (8 TeV) H->hh->bbtt (8/13 TeV)
i Dibosons
Neutral Higgs H>ZZ->4l (13 TeV)
H>1T (13 TeV) H->7Z->llvv (13 TeV)
Boosted Resonances (13 TeV)
Higgs-to-Higgs H->ZZ->llgq (13 TeV)
H->2a (8 TeV) ZH, H=>inv (13 TeV)
H—>ZA (13 TeV) X->Zy (13 TeV)
A->7Zh(125) (13 TeV) 4




Recent Vs = 8 TeV Results




2HDM+S: Search for h(125) =2 2a

Summary plot of p/t channels
* In a 2HDM+S model, there are 2 97 10 (8 TeV)

singlet states: : CMSI
— CP-odd scalar a Frofminary
— CP-evens

.
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 BR(h—>BSM) < 0.34, so the decay to
2a can be sizeable.

x B(h— aa) x B(a— pp)°
3 3
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% | 2HDM+S h—aa searches

a(h)
Ogp

» Recent results from CMS for 10° hoaa—uute, HIG-15-011
h->2a->2b2p and h->2a->2u2t! & h-saa-vis, HIG-14-019
- h—aa—1titr, HIG-14-022
3 107 l — h_aaa—aumlm, HIG-13-010
. Q 111 2 M 4 4 Rt
Current channels include: 0 . 10

h—>2a—->2b2u (CMS-PAS-HIG-14-041) m, (GeV)
h—>2a—-2>4u (CMS:Phys. Lett. B 752 (2016) 221)

h—>2a—->2u2t (CMS-PAS-HIG-15-011, ATLAS:Phys. Rev. D92 (2015) 052002)
h—>2a—2>4t (CMS-PAS-HIG-14-022, CMS:JHEP 01 (2016) 079)

h—>2a—>4y (ATLAS:CERN-PH-EP-2015-187)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-041/index.html
http://www.sciencedirect.com/science/article/pii/S0370269315008266
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-011/index.html
http://dx.doi.org/10.1103/PhysRevD.92.052002
http://dx.doi.org/10.1103/PhysRevD.92.052002
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-022/index.html
http://link.springer.com/article/10.1007/JHEP01(2016)079
http://link.springer.com/article/10.1007/JHEP01(2016)079
http://link.springer.com/article/10.1007/JHEP01(2016)079
http://arxiv.org/abs/1509.05051
http://arxiv.org/abs/1509.05051
http://arxiv.org/abs/1509.05051
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2HDM+S: Search for h(125) >2a
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h->2a->2b2u:

2 b-jets, 2 y, E;™ss significance < 6

| My, - 125]< 25 GeV

Signal Modeling: Weighted sum of
Voigt profile and Crystal ball.
Background Modeling: Polynomial

functions, fit to m., in data.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-011/index.html

2HDM: Search for H* =>tb

Predicted in models with extended Higgs
Sector (e.g. 2HDM):

v H* dominantly produced in association
with a top quark.

v H*—>tbis a dominant decay mode for
heavy H*.

Search in lepton+jets final state. Fit is

performed on 5 regions:

« H;"in 4 Control Regions: [4j(2b),
5j(2b), 26j(2b), 4j(=3b)]

 BDT in 1 Signal Region: [>5j(>3b)

BDT includes H."?9, lead jet p;, m,, of 2 b-jets

closest in AR, second Fox-Wolfram moment,
and average AR between all b-jet pairs.

ATLAS:CERN-PH-EP-2015-290

CMS: JHEP 11 (2015) 018
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http://arxiv.org/abs/1512.03704
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-023/index.html

CMS-PAS-HIG-14-039
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Higgs Triplets: Search for

++

« H™is predicted by models
with a Higgs triplet.

* This search is for
associated production or
pair-produced left-handed
H** into 3 or 4 leptons,
respectively.
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ALA."‘ T

Expected Signal Expected

o & > 00 — 0 F. > ) Se 76
100% @ CMS Channel AP PP Background Observed
100% "= op Preliminary _| 100% —» ee¢ 3.63 544 0.28 0
$00% % » up _ 100% —» eu 387 607 0.07 0

100% — up 414 715 0.04 0
100°% @=-> o1 100% < et 0.79 1.36 1.22 0
100% 4* = ut rossng P 100% — ut 086 2.00 1.16 1
Bonchmark 1 »
P B e Benchmark Point ee  ep et up  pr 17
. Aosocsated Praducton (X BP1 0 0.01 001 030 038 030
Benchmark 3 > 5
BP2 1/2 0 0 1/8 1/4 1/8
Benchmark 4 - BP3 l /3 0 0 1 /3 U 1 /3
N Ll aaaadaaaalaaas - i ) i ) ) i
0 100 200 300 400 500 600 700 800 900 1000 BP4 1/6 1/6 1/6 1/6 1/6 1/6

Excluded Masses (GeV)


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-039/index.html

Scalar Resonance: H>hh->bbt, 4T} .4

CMS-PAS-HIG-15-013

ATLAS: Phys. Rev. D 92, 092004 (2015)

2 hadronic thagand 2 jets

80 < m < 140 GeV and 80 < m;;< 170 GeV

mun calculated using a kinematic fit

Backgrounds
Multi-jet: Data-driven methods

Z/V" 2 Thadthad: Embedding of pu data events

Others: Simulation

Fit to three regions with 0, 1, or 2 b-tagged jets.
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092004

Vs = 13 TeV Searches:

Fermionic Decays




CERN-PH-EP-2016-056

Search for HX >tV

Search is for the decays:
gl_’ — [1] [HT] = [qu] [T;ad—vis + vr)
gg — [ib] [H*] = [(ggb)b] [Tpaq_yis + V]

with the final
discriminating variable:

H? predicted in 2HDM/MSSM:

v" H*dominantly produced in
association with a top quark.

v H*->7tv decay channel represents a
clean signature and substantial BR

~10%) i — T Fmiss _
(~10%) in several MSSM mr = \/2PTET (1 = cos Adr, ., ...miss)
benchmarks. ,
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CERN-PH-EP-2016-056

Search for H* >tV

Backgrounds; e (et data drivens Event Selection
- Jet - t fakes (multi-jet: data-driven - .
E,™ trigger
Events with true t (tt, W+jets: from MC, L 56 .
validated in CR) >3 jets including 21 b-tagged jet
- Events with lepton - t fakes (top, ltandnoeorp

V+jets, diboson: Shape from MC, norm.
from data. ~5% of background.)

E,™ss > 150 GeV
m; > 50 GeV

ATLAS Preliminary .
(s=13TeV, 3.2 fb"

—— Observed (CLs)
------- Expected (CLs)

tanp

95

50

LT

Em=xio
=20
Sy H" hMSSM tanp=60

45

40

>
=
D
7))
“
o
3
=)
Q
<

/s= 13 TeV, 3.2 b™
H* — tv; hMSSM scenario]

Observed exclusion

35

30 Run1result - Expected exclusion ]
opr. — - Observed I = 1o E " 7
---- Expected [ ]+20 | 10_2.|...|...|...|\..|...|...|...|...|...|.
Yo [l M IV I I I N D B 200 400 600 800 1000 1200 1400 1600 1800 2000
200 220 240 260 280 300 320 340 360 my [GeV]

m, [GeV] 12



ATLAS-CONF-2015-061

Search for H/A 51t

TiepThag EVENt Selection

Single lepton triggers

1tand 10Se/uand Ad(t, e/pn) > 2.4
M.(e/u, MET) < 40 GeV or > 150 GeV

In e-channel: m, <80 and > 110 GeV

H->tt provides sensitivity in MSSM at high tanf, and in 2HDM at the alignment limit.
Analysis targets two channels with different T decay modes.

T,.4Thag EVENt Selection

Single T, trigger
2 1,4 With OS charge
A(I)(Thad,l' Thad,z ) >2.7
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-061/

ATLAS-CONF-2015-061

Search for H/A >Ttt

simulation.

Backgrounds

v' True t backgrounds (e.g. Z->trt, tt) are taken from

v Jet->t backgrounds (e.g. W+jets, multi-jets) are
estimated using data-driven methods.

T ATLAS Preliminary, \s=13 TeV, 3.2 fb"
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- H/A — T, 95% CL limits
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No evidence for BSM Higgs, but
sensitivity already exceeds run-1.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-061/

Vs = 13 TeV Searches:

Di-Higgs
















ATLAS-CONF-2015-059

Search for H>Z7->4| EEExErsery

The 4l final state gives a clean signature with low background, predicted in EWS and 2HDM.
The search is for a resonance of m = 140 (200)-1000 GeV for CMS (ATLAS).
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Search is based on selection from h(125) =ZZ->4l analysis. 2


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/










Search for H>ZZ->llvv

Event Selection
2 same flavor, opposite sign charge leptons

miss

E. " >125GeV and Ad(nearest jet, ETm
No b-tagged jets

iss) >0.5

3 Signal Region Categories:
VBF: > 2 forward jets with |An| >4 and m > 500 GeV.
2 1 jets: at least 1 jet, fails VBF
=0 jets: No jets.
Final Discriminant:
M3 (\‘p,llll: M(ee)? \ Epe M;) (Pa(t0) + FP™)
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ATLAS-CONF-2015-075

Boosted Diboson Resonances B ey

ATLAS-CONF-2015-068

» Several diboson resonance searches in ATLAS have also been interpreted in terms
of a heavy Higgs-like boson.
— For details of the analyses, see Max Bellomo’s talk Thursday.

* Limits are setup to 3 TeV:
* For H>WW->Ilvqq, H>ZZ~>llqg and H>ZZ->vvqq
* Inthe narrow width approximation, as well as for widths ranging from 5-15%.
* No evidence for boosted scalar resonances has been found in any channel.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-075/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-071/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-068/




Motivated by supersymmetry, search is CMS-PAS-HIG-16-008

for a scalar'boson., H', with m=?10—600 Sea I'C h fo r Z H p H 9 i nv

GeV, decaying to invisible particles.

Analysis Selection Final discriminating variable is:
2 same flavor OSe or u
|m,-m,| <15 GeV and p," > 60 GeV mr = \/2 pl E""% — cos Ag(ll, E;!‘i"ﬁ))
< 1jet, no b-jets or soft muons
E;mss> 100 GeV, Ad(ll, E;™) > 2.8 and which must be > 200 GeV.
|E,miss- p1l| /p,' < 0.4
231" (13 TeV) & AL
._g = ’ S — Observed
3 oofmim S ey i 2 2o,
B wz — ZH(125) 0 jet category 3 Expected + 20
L 22 -
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-008/index.html

ATLAS-CONF-2015-015

Search for A>Zh(125), h->bb

Searching for an additional pseudoscalar boson, as predicted in 2HDM.
The search is for a narrow resonance of m,, = 200-2000 GeV.

Analysis Strategy > gsE T T
é " ATLAS Preliminary - A 2 (G=113 )
o 4 v
* Targeting A>Zh->vvbb/llbb 3 30"_ fs=13TeV [Lat=321 :&mn
el = 0lep., = 1 large-R jots, 1 tag
- :s' o top
. %’ - 500 GeV < pY -zwl Jbe,cc,bl)
* Makes use of categories: g 25_ 75GeV < m__ <145 GeV s Z+(bl1)
1. 0/2-leptons w H%:fbb.bc.cc)
2. p,.“<or>500 GeV (defining the resolved/ 20_— Signal Region S Predh bachoround
boosted transition) . 1
3. 1/2 b-tagged jet 15 : N
/2 b-tagged jets g OO
. Final discriminant is invariant m  for 2- 10
lepton and for
0-lepton: °
Mr.zh = \/(]‘_'A:l_ + E.?lxss‘)l - (p] + E uu\s)_ 8 1,5:— ‘ . 3
& 4" ‘.’ SN -
Y T T
o 600 800 1000 1200 1400 1600 1800 2000

my(Vh) [GeV]

See talk in YSF4 by Carlo
Pandini for more details. Dominant backgrounds of Z+jets and ttbar are

. . . . 29
validated and constrained in control regions.



ATLAS-CONF-2015-015

Search for A>Zh(125), h->bb
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Limits on ggF and b-associated production from simultaneous

binned-likelihood fit for signal and control regions. .



CMS-PAS-HIG-16-010

Search for H>ZA, Z->1l and A=>bb

Motivated by 2HDM with twisted
custodial symmetry, which gives a
heavier scalar H and a lighter
pseudoscalar A boson.

CMS Predminary 23m' (13 TeV)

Evt/ 20 GeV

Data / MC

Mass(y) (GeV)

Analysis Strate

A signal region (S) is defined for each m,-m,, hypothesis

in the plane of m_, -m,

tt and Drell-Yan processes are corrected through a fit to
data of the m distribution for events not in S.

The final limit is calculated from the single bin of S.

Evt/ 60 GeV

31

Mass(iljj) (GeV)



CMS-PAS-HIG-16-010

Search for H>ZA, Z>I1l and A>bb I8 231" (13 TeV)
- CMS M0
I I o - oton
X E [ o, (tan B : 0.5)
r %2‘"5@22:15
O r th
.. . 10°%F
Limits are set on cross section g
times branching ratio for three m, (L
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" cos(p-o) =0.01
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Ly E -1
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ATLAS-CONF-2016-010

Search for X=>Zy

Searching for an additional neutral
boson (X), with a narrow width.

Analysis Strategy

« Z-2>11 (250-1500 GeV):

—2 same flavor, opposite sign
leptons consistent with Z.

e Z2qq (720-2750 GeV):
—Jets reconstructed as a single
large-radius jet with pT >
200 GeV.

e Both channels use Zy invariant
mass as a final discriminant.

[GeV|

- 0.016

1/N dN/dm

1/N dN/dm,, [GeV']
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Search for X=>2y

ATLAS-CONF-2016-010

103k A I L I E L L B E| 3:‘ T T T T T =
E = ATLAS Preliminary 5 E Em £ ATLAS Preliminary
C e Data i I e Data b 1
g 102: Background-only fitb 5§ 10° = Background-only fit,b 3 _g—gBaCk round Modelin
£ oL ls=13Tev, 321" ] 2 10; (5=13Tev, 327 | - . -
e Tk 1 s F 5 | * Dominant background is continuum
L - = I C ] . .
1= H ‘ E 1 ‘ ‘ = production of Z+y (leptonic) and y
101 é i ] +jets events (hadronic).
72: L 1 1 1 L I I ] _ . : .
10 1072 et * In both, background is smoothly
a 207 T T e} 20 T T i j E . .
10§ 1 4 ' 10 3 falling spectrum as a functionof m_,
S 0 J-'#.#‘-“‘“.‘ % 0 AFAAANA At E inv
8-;0 } 1 0O_qol'™ E parameterized as:
_ . L - = L . _2 ) ‘ ‘ ‘ E
%00 400 600 800 1000 1200 n:4c[>ge1veioo 0000 1500 2000 2500 3000
Ty m, [GeV]

95% CL limit on o(pp—X) x BR(X—Zy) [fb]

10?

10

- ATLAS Preliminary
pP—>X—>Zy
Vs=13 TeV, 3.2 fb

L N _
- RUXX 5 -
83 I8 3RS
XX 0% o
| Z—eeuu Z—qq 3 -
- Observed % =
[ eeeeeas Expected ===---- 7]
o Exp. + 1o 8% N
i | A 2|G | | | |
500 1000 1500 2000 2500

3000

m, [GeV]

Sokg(Miny) = N (1 = xk)P1+6P2xP2

Largest deviation from
background is 2o at 350 GeV.

Observed limits range between
295 fb at mx = 340 GeV to
8.2 fb at mx =2.15TeV.
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In Summary

* There have already been a variety of searches for
extended scalars at 13 TeV, but this is just the
beginning!

* Searches investigate a variety of models (2HDM,
2HDM+S, MSSM, etc.) and many final states.

* 2016 should be an interesting year for Beyond-
Standard-Model searches in high energy physics!

Public documents for analyses covered in this talk are either

. . . . . 35
available now, or will become available in the following days.






Search for H* 2 tv

Event Selection
E.™ss trigger

- The Background contributions are split up by the
origin of the tin the event:

. Jet - t fakes (data-driven) >3 jets including 21 b-tagged jet

( MC, validated in CR) ltandnoeorp
rom , valldated In mi
E. ™ > 150 GeV

- Events with lepton - t fakes (Shape from MC, m. > 50 GeV
norm. from data)

>600|||||||||||||||||||||||||||||||||||||||||||||||||__ %90|||||||||||||-||.||||||||||||||||||||||||||||||||||
0 500F {s=13TeV,321f" MHz+ets [ tt & single-top _; © 70 s =13 TeV, 3.2 fo” -Z+.-jets It & sin.gle-top
£4005 W —» 1y control region MBMeIP ek~ EIMsDi~= 42 60F fi control region WD o = [JMisD) =
=300 T
200
100
0
2 2llll|llll|.llll|llll|llll|llll|llll|llll|llll|IIII E 2|||||||||||||||||||||||||||||||||||||||||||||||||
» 15t [J Uncertainty 0 15t ] Uncertainty _+_
5 e _._"““_..,+ 31;F+ﬁ*?+r‘*=++=+——‘*‘+%+'l
3 0.5} * Sost  * T4 4T
o e b by b by b by by by T T T T T T T T T
%16 20 30 40 50 60 70 80 90 10 00"""10"20 30 40 50 60 70 80 90 100

m; [GeV] m, [%V]



Search for H* 2 tv

A fake factor (FF) is measured in a multi-

jet control region, defined as: FF parameterized in:
FF _ N i v TPy,
NmsS v tdecay mode,

v Light/heavy flavor bins

where N, event t candidates fail the full
based on b-tagging

T selection, and N ., pass.

algorithm.
n (2]
S ATLAS' Prellmlnary .1p0n .1p1n IS rATLAS' Prellmlnary .1 pOn .1p1 n] . . .
S 10F ys=13TeV, 3.2 fo" S 10F {s=13TeV, 3.2 fb" Final Contribution
L_q:, Light-flavour region *1pXn *3p0n E Heavy -flavour region *1pXn *3p0n 3
[ 3pXn < | 3pXn i ° o
L L
1 5L Defined by:
— . i : o e ——————————— —— |
ﬂ-.-’ .- ¥ T i 3... ."'-[-FA- .
”f"'+ i Py S i
_ -Il'-._ _ jl‘l-A-\-A-f-A- T
101 » ..._u_ = 101-_ - hl.“, \l\
X;.;_ A ’-'-_v_ E fakcs E Ndnll Thad- \,\(l) X FF(I)
_v-_'__v_ ) | I : X |
102 ) 3 10'25— E
| L | L .: :......I L Lol L .:
40 10 2x10° 10° 2x10° 40 10° 2x10° 10° 2x10° 38

P, [GeV] P [GeV]



ATLAS-CONF-2015-061

Search for H/A 21T

H->tt provides sensitivity in MSSM at high tanf, and in 2'I-‘I'I‘:')'M\é£‘¥ll'1vé'élignment limit.
Analysis targets two channels with different T decay modes.

TiooThaq EVeNt Selection T,.4Thag EVENt Selection
Single lepton triggers Single T, _, trigger
1 medium T, p; > 20 GeV 2 1, ., With OS charge
1 medium, isolated e/p, p; > 30 GeV No loose e/
T and e/u of opposite sign charge AD(Ty g 1 Thag o) > 2.7

Ad(t, e/n) > 2.4 Leading 1,4 is medium, trigger-matched, p;
M- (e/u, MET) < 40 GeV or > 150 GeV > 135 GeV

Subleading 1, _,is loose, p; > 55 GeV
In e-channel: m, <80 and > 110 GeV

Final discriminant . o ‘ o T o Y
, m!]‘-""‘l = \/ m4(11, 72) + m4 (11, ER) + mi (2, EFS)
in both channels




Search for H/A 21t 1 1,4 Backgrounds

True t backgrounds (Z->tt, tt) are taken from simulation.
Jet—=>1 backgrounds are estimated using “Combined Fake Factor” Method

Combined FF = FFW+jeter+jets t FFQCDrQCD

“True lepton + fake tau™
W+jets fake factors

True lepton — true T OF muon ‘

W+jets CR — faking 1, , from MC

The Combined FF is

| Anti-t_ CR  p——pp CoOmbined fake factor g (Sjgnal region app|IEd to events
— (Jets faking 1, .
where t fails ID
T T requirement.

True lepton — electron faking 1,

Di-jet fake factors: from MC with scale factor

Di-jet CRS i fake lepton . *
- \ Di-jet fake factors: P —_—
fake tau ' Electron channel:

. Visible mass 80 - 110 GeV _ ’
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Search for H/A 2 tt: T, T, .4 Backgrounds

v True t backgrounds (Z->tr, tt) % 1022 fST:':ETZ'\j"‘Qi‘ng e | _
are taken from simulation. % 10:: HIA= Ty ogtrog EE.E,?”"‘“‘“ ]

v Jet>t backgrounds are z 1[__ Same&i; — Pl _
estimated by applying fake . (22 weana
rate from data in place of 107 e + ;
simulated t ID response. 102 DU - -

v Multi-jet backgrounds are 107¢
estimated using a fake factor B 2f T X
measured in a dijet CR. & (;t—*:wﬁ N

T 0 200 400 600 800 1000

me! [GeV]

Background estimation is validated in same-sign control region.
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ATLAS: H>ZZ->4l

S ‘ -
& 102 | ATLAS Preliminary ¢ g, i - 125 6oy

S [H-ZZ -4 — ;fms : '

[ " 13TeV, 321" eV, VWV

c (& w44 Uncertainty

210

@ Expected and Observed

events for the ATLAS high

mass H->ZZ->4l analysis.
107"

107
200 300 400 500 600 700 800 9001000
m,, [GeV]
Final state VA Z +jets, tt, WZ (v Vvvy Expected Observed
7 22.1 2.2 0.05 4+ 0.02 0.23 £ 0.01 224 +2.2 20
2e2u 169+ 1.6 0.05 £ 0.02 0.21 £0.01 172+ 1.6 17
2u2e 18.1 +£ 2.6 0.06 4 0.02 0.19 4 0.01 18.3 £ 2.6 13
le 13.9 £ 2.1 0.06 £ 0.02 0.18 £ 0.01 14.1 + 2.1 12
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Total 71+ 8 0.23 4+ 0.04 0.81 4+ 0.04 724+ 8 62




Search for H>hh->bbyy

Background:
Continuum from data

— SM h & hh from MC
— Cut-and-count in 95%

M,y Window with data-

driven continuum
background:
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Search for H>hh->bbyy
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V8§ =13 TeV, 3. 2fb-"
Imyy =mgul [GeV]>3. 1

0 b-tag control region

4 With my constraint

¢  Without my constraint
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ATLAS-CONF-2016-004
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b
o

95% CL limit on X—hh event yield

1
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Mass constraint does not
dramatically change the
background shape.
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Limit in terms of # of events.
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95% CL limit on o(pp—X) x BR(X—2y) [fb]

SO T T T T T T T E
450 F- ATLAS Preliminary =
400 ;_ pp—=X—2Zy, Z%ee,uu_g
350 s=13TeV, 320"
300 [ -
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Search for X=>2y
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95% CL limit on o(pp—X) x BR(X—Zy) [fb]
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Limits split into leptonic and hadronic.
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1/N dN/dm,,, [GeV']

# Not Yet Available

Search for X=>2y
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Search for H>1lvv

CMS Preliminary

CMS-PAS-HIG-16-001

2.3 (13 TeV)
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Boosted Diboson Resonances

e Several diboson resonance
searches in ATLAS have also been
interpreted in terms of a heavy
Higgs-like boson.

— For details of the analyses, see Max
Bellomo’s talk Thursday.

e Limits are set in the narrow width
approximation, as well as for
widths ranging from 5-15%.

§ © ATLAS Preliminary ~ —— Obs. NW
. e Exp. NW
Y =32 i ‘
z 10F l *20
- F1s=13 TeV Obs. LW, I'/m, =5%
r T - AN 4 =9
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Boosted Diboson Resonances

e Several diboson resonance
searches in ATLAS have also been
interpreted in terms of a heavy

Higgs-like boson.

— For details of the analysis, see Max
Bellomo’s talk Thursday.

e Limits are set in the narrow width
approximation, as well as for
widths ranging from 5-15%.
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