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ATLAS and CMS -8- ATLAS+CMS
LHC Run 1 - ATLAS

-+ CMS

H(125) Looks very SM like so far ; — 16

—+20

Many measurements on-going to
search for new phenomena in the
Higgs sector at ATLAS

Deviations in SM measurements
Lepton flavor violation in decays
Invisible decays

Charged Higgs bosons

Heavy scalars

Light scalars

Heavy resonances

Non-resonant signatures -1 -05 0 05 15 2 25 3 35 4
Parameter value
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Too much to cover in this talk! JHEP 08 (2016) 045



@ Lepton Flavour Violation

ATLAS

EXPERIMENT

LFV possible in many different models

New publication of search for LFV in decays
of H (and Z)

Two key (H) analyses:
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H - €Thad
H - lTlep (l=ep

And combination with previous H = uty .4

JHEP 1511 (2015) 211 (H = utp4q)
Eur. Phys. J. C(2017) 77: 70 (et + combination)

ATLAS —e— Data

e H[{125) — et [BR=1%])
) Bl Z - 11+ jets (0S-SS)
{s=8TeV |Ldt=20310" W + jets (0S-SS)
B Same Sign (Data)
Bl Z - ee (e — 1] (0S-SS)
B Other Backgrounds (0S-SS
) Syst. Unc.

eT,.4 events
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A@)S Lepton Flavour Violation

EXPERIMENT

ATLAS

\s=8TeV ILdt=20.3 fo'

H - €Thad
—— Data en SR

noJets

Symm. background

Tot. background Fit for H(125) and set limits on BR(LFV) in
7777 Postit uncertainty two signal regions (W dominated and Z
dominated backgrounds)

Events/10 GeV
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H - lTlep (l=ew

Signature is OS ue + MET

Exploit symmetry in backgrounds under
interchange of u and e

T Lo R (U T O T T (split into categories with and w/o jet
M, [GeV] activity)
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@ Lepton Flavour Violation

ATLAS

EXPERIMENT

ATLAS

1s=8TeV [Ldt=20310"

g=== Expected + 1o

Expected + 2¢

= Observed

Excluded

et SRA1
€T, SR2

er,.» Comb

€T, Comb

et, Comb

ATLAS

1s=8TeV [Ldt=20310"

g=== Expected + 1o
Expected + 2¢
= Observed

Excluded

HT, o SR1
[TL SR2
HT, o Comb
ur\ep' SRnnJEts

I’”\cp' SRW\[NQ!:‘,

HT Comb

pt, Comb

8 10 12 14 8 10 12 14
95% CL upper limit on Br(H — e1), % 95% CL upper limit on Br(H — ur), %

Limits assuming BR(H — ut) = 0 or BR(H — et) = 0 respectively
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) Charged Higgs: H* — tb

ATLAS

EXPERIMENT

Many models predict charged Higgs boson
. . 7 ATLAS Preliminary -+4-Data  --- S+B pdf
Including 2HDM, triplet models etc B fs=13Tev 1320 [+ 21c @ +21b

Post-fit H® 300 GeV, S<0 [ + light [JNon-&
[Ott+X 7 Uncertaint

53b Sj=4b =63b  26jxdb

5j,2b .

For My+ > M¢,, associated production with
t dominates

Categories events based on jet and b-jet
multiplicities define CR and SR

BDT used to discriminate in SR
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) Charged Higgs: HY — tb

ATLAS

EXPERIMENT

Many models predict charged Higgs boson
Including 2HDM, triplet models etc

ATLAS Preliminary
MSSM m["* Observed exclusion

— . . + Expected exclusion
tt+>1 b-jet modelling and flavour H=1

. R . o = -1
tagging systematics are dominant ts=13Tev, 13.21

ATLAS Preliminary

—— Observed limit (CLs)
Expected limit (CLs)

[ + 10

[C+2c
m™* tanf = 0.5
m™ tanf = 1

—— m™* tanf = 60

300 400 500 900 1000
my- [GeV]

o(pp—tbH"XBR(H' —tb) [pb]

H'> tb No significant excess observed
{s=13TeV, 13.2 b

300 400 500 600 700 800 900 1000
m,- [GeV]
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) Charged Higgs: HT — tv

ATLAS

EXPERIMENT

Many models predict charged Higgs boson
Including 2HDM, triplet models etc

Search for H*t — 7v in hadronic ¢ . s ATLAS Preliminary e paa O 2:jers

[ImisiDj— <« [ Diboson
final states: e \s =13 TeV, [ tt & single-top H' = 1v 200 GeV (x5)

14.7 fb’! [ Wejets - H" = 1v 500 GeV (x5)

Bl VisiDe/n — 1 H" — v 1000 GeV (x10)

Thad + 3jet5 (>=1 b_tagged) @ = ]

Low mass region dominated by
top backgrounds.

High mass region dominated by

multi-jet backgrounds with fake-
taus
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. . +
A@)S Charged Higgs: H™ = v

EXPERIMENT

Many models predict charged Higgs boson
Including 2HDM, triplet models etc

ATLAS Preliminary
\s=13TeV, 14.7 fb”

—— Observed (CLs)
Expected (CLs)
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200 400 600 800 1000 1200 1400 1600 1800 2000
my- [GeV]

ATLAS Preliminary

Is= 13 TeV, 14.7 fb’

Observed exclusion Uncertainties on fake-rates and top

Expected exclusion backgrounds dominate systematics
— - Observed e
---- Expected [ ]*2c

10200 550 300 350 400 450 500 550 600 Limits set using My as discr. Variable
m,- [GeV] linterpreted in various scenarios
(hMSSM shown) N
5 W)
ATLAS-CONF-2016-088 = Queen IVIary
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) Doubly charged Higgs

ATLAS

EXPERIMENT

e Data

ATLAS Preliminary “iZ Total
Is=13TeV, 139" 7, ee
S_R fakes (Fake Factor)
Fitted bkg events diboson
t
ttV + single top
[ ] DCH 600 GeV
[ ] DCH 800 GeV
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Run 2 search for Htt - efet
Runl : JHEP 03 (2015) 041

Events / 76 GeV
)
n

Main background from charge-misid Z — ee
Next biggest from “fake” and non-prompt
electron backgrounds

2000 .\ 3000
m(eet) [GeV]

ATLAS Preliminary Expected 95% CL
Vs =13 TeV, 13.9 10" —— Observed 95% GCL
Br(H*— e*e*)=0.5 ] Expected limit + 1o
[ ] Expected limit £ 20
— o(pp— H'H)
o(pp— H'Hg)

Discrimiant variable M,

o(pp— H"H — e*e*XX) [fb]

Limits set assuming BR(ee)=50%
(shown) and BR(ee)=100%

1000 1200

m(H™) [Ge ~
(H*) [GeV] 10 Q) Queen Mary

University of London
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Heavy Scalars: H = 17T

ATLAS

EXPERIMENT

Search for final states with two taus with ATLAS Preliminary e~ Dai
. _ Vs=18TeV, 182101 A e
one or both decaying hadronically WA= Gy Emwe
b-tag % 3\;_:: +jets
- . ot s.ingle top
Events categorized according to X reor

ncertainty

b'tag mU|t|p|iC|ty and the geeed T Eideans + Pre-fit background
presence of high missing ]
transverse energy

ATLAS Preliminary —¢— Data
— L e H/A—TT
/ -
Vs=13TeV,13.3fb m,= 600 GeV, tan f = 20
H/A — Tiop Thad [ Jet— It fakes
[ ]Z-
[ tt, single top
I Diboson
[ ]Z —eelpn
=y Uncertainty
Pre-fit background

150 200 250 300 350 400 450 500 550 600
m [GeV]
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Total di-tau transverse mass used
as discriminant variable

'50 100 150 200 250 300 350 400 450 500
m [GeV]
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' H —
ATLAS Heavy Scalars: H = 17T

EXPERIMENT

ATLAS Preliminary —— Observed H 1 1 c ATLAS Preliminar —— Observed
LA e 95 % OL limits -~ Expected Cross section X BR limits for ATLAS Proliminary -~ Qverves
5=13TeV, < 133 b o | | db 5= 13TeV, =133 b .
= = 14 +20 - - S= ev, = . +20
gluon-gluon fusion [ 2015,3.2fb™ (Obs.) g uon g uon an hMSSM scenario 1 Eo(ws, 3.2fb" (Obs.)

associated production

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

And interpretation in m/*°?

and hMSSM(shown)
benchmark scenarios

ThadThad (EXP")
Tl:'DThEld (Exp)

Exp.)

ThadThad {

T\epThad (Exp‘)

800 1000 1200
m, [GeV]

800 1000 1200
m, [GeV]

ATLAS Preliminary —— Observed

H/A — rv, 95 % CL limits =~ Expected
+0

{s=13TeV, =133 fb" <20

b-associated production [ 2015,3.2 it (Obs.)

Important sources of
uncertainties include: MET

trigger modelling, fake tau seen across the mass

modelling and
) o s (EXP) range searched
fragmentation modelling in ot (EXD)

top-pair production 1000 1200
m, [GeV]

No significant excesses
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A@)S Heavy Scalars: ZZ (a selection)

EXPERIMENT

Searches for “SM-like” 4-lepton as well as diboson-resonance llgq and vvgq with Heavy
Higgs interpretation (amongst others)

ATLAS Preliminary 4 Data

H — ZZ* — 41, VBF-enriched mzz

13TeV, 14.8 fb tH+V, VWV
Bl Z+Jets, tt
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4-lepton final state: 4u, 4e, 2e2u
Fully reconstruct Z’s — on shell
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ATLAS Preliminary + Data

H — ZZ* — 4l, ggF-enriched i Zz

13TeV, 14.8 fo’ tH+V, VVV
B 7+ Jets, tt

Events/20 GeV

Y
(=]
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Events with two well-separated jets with
high di-jet mass VBF category — otherwise
gg category

o
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A@)S Heavy Scalars: ZZ (a selection)

EXPERIMENT

Searches for “SM-like” 4-lepton as well as diboson-resonance llgq and vvqq with Heavy
Higgs interpretation (amongst others)

ATLAS Preliminary  — Qbserved CL, limit |

13 TeV, 14.8 fb”
wa Expected CL, limit

- Expected + 16
VBF 4‘l Expected +2 ¢

—_
o

4-lepton final state: 4u, 4e, 2e2u
Fully reconstruct Z’s — on shell

-

ATLAS Preliminary
13 TeV, 1481t
NWA

95% CL limits on 6, x BR(S— ZZ — 4I) [fb]

—_
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ATLAS Preliminary ~ — Observed CL, limit
13 TeV, 14.8 fb”
LWA 10%

-1
10200 300 400 500 600 700 800 900 1000

gg 4l

x BR(S— ZZ — 4I) [fb]

Expected CL, limit
D Expected 1o
| |Expected £2 &

-

95% CL limits on o

-1
10200 300 400 500 600 700 800 900 1000
mg [GeV]

95% CL limits on 6 x BR(S— ZZ — 4 [fo]

Set limits for both narrow width approx. and
various large widths (10% shown)

-1
10400 500 600 700 800 900 1000
mg [GeV]

. L
No significant YaY
ATLAS-CONF-2016-079 excess observed H &—QD &.inl;lrs?yeunmmary



A@)S Heavy Scalars: ZZ (a selection)

EXPERIMENT

Searches for “SM-like” 4-lepton as well as diboson-resonance llgg and vvgqg with Heavy
Higgs interpretation (amongst others)

[ SM Diboson
. Stat.dhSyst. Uncert.

[ SM Diboson

G ATLAS Preliminary 4+ Data 8 [ ATLAS Preliminary + Data
2 Vi=13TeV, 13211 3 H700 GV (0.1 pb) L. . . 2 VG- 13TeV, 1321 " — fv+|lets
5 [ Z+jets Add | f 5 0 W+jets
£10 V77 s e - 0 h v S
o o2z e e itional purity from b-jet tags RIS = wes
agged SR, gg

w2z, Stat.pSyst. Uncert,
= = Pre-fit background

Dominant background Z+jet
lower b-jet content

VBF channel also used)
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400 600 800 1000 1200 1400

4+ Data
=1 H1.6TeV (101b)

Z + jets

H— qq . [ SM Diboson
Merged high-purity SR, ggF [ Top Quarks

llgq or ll] wherel =e,u ' i, Sy Uncer

vVvjj analysis signature: large
missing E+ and merged jjin 1
large R-jet

Merged and resolved jets
— either single large-R jet
or two distinct jets
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A@)S Heavy Scalars: ZZ (a selection)

EXPERIMENT

Searches for “SM-like” 4-lepton as well as diboson-resonance llgq and vvqq with Heavy
Higgs interpretation (amongst others)

a2 Erperiea ey Final discriminants my;qq, my;; and my(vv))

1s=13TeV, 132 1b”

Interpretation possible with multiple different
signal models. Heavy Scalar shown here.

95% C.L. limit o(qq—>H<BR(H—ZZ) [pb]

500 1000 1500 2000 2500 3000
my, [GeV]

ATLAS Preliminary ~ —— Observed Limit

[s - — — Expected Limit
=13 TeV, 13.210"

;:; H i 22 A \,\?qq b [ Expected +1 ¢

) [ ] Expected +2 ¢

ATLAS Preliminary —e— Observed (CLs)
9g>H>ZZ sligq E::pected (CLs)
; + H
s-toTev, 2! B0 Some wiggles but
no significant

excess is observed
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500 1000 1500 2000 2500 3000
my, [GeV]

ATLAS-CONF-2016-082



A@)S Heavy Scalars: WW

EXPERIMENT

Limits set using M+ as discriminant variable

Search for heavy scalar H > WW — evpy in NWA and various LWA scenarios

ATLAS Preliminary —&— Obs. 5%
-- Exp. 5%

\s=13TeV, 132" —A— Obs.
=== Exp. 10%
H—s WW y F, LWA
- — eviv (g9 ) —e— Obs. 15%
---- Exp. 15%

I + 1o, 15%
[ +20, 15% LWA

ATLAS Preliminary ~+-data Other VWV

\s=13TeV, 13.2 0" [JogFnwazoo — Top
[Jearnwa700 [ Wajets

Bww B zjets

% SM(sys @ stat)

H—-WW- evuv ggF SR

Events / 20 GeV

95% C.L. Limit on ¢ x BR [pb]
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800 1000 1200
m; [GeV]

. No significant excesses are observed
Dominant backgrounds from WW and top

Three categories defined: gg, VBF1 (mix VBG and gg)

VBF2 (high mass jet pair — dominated by VBF) v &
17 QO)f Queen Mar
ATLAS-CONF-2016-074 Se XUCLII VY y



A@)S Heavy Scalars: WW (WZ)

EXPERIMENT

Search for NP in final states with [vjj in boosted topologies where two jets are
reconstructed as single large-R jet.

Sensitive to multiple NP signals — RS graviton, HVT, heavy scalar (WW)
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ATLAS Preliminary I W+jets ATLAS Preliminary ~ —— Observed 95% CL upper limit

{s=13TeV, 13.2 b Expected 95% CL upper limit
[ Expected limit (+ 10)
[ ] Expected limit (+ 25)
Scalar Singlet (NDA)
Scalar Singlet (Unsupp.)
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Ot
Vs =13 TeV, 13.2/fb ) Single-t
WW Signal Region (HP) Il Dibosons
I Z+jets
Post-fit uncertainty:
HVT m=2.0TeV

Entries / 100 GeV
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500 1000 1500 2000 2500 3000 3500 4000 4500 5000 NO Significa nt excesses are observed

m,,, [GeV]
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"k ATLAS Preliminary Dat
ata

— Background-only fit

) Heavy Scalars:yy

ATLAS

EXPERIMENT

Events / 20 GeV

Spin-0 Selection
s =13 TeV, 15.4 fb’'

Diphoton resonance search
Created some excitement in 2015

Updated analysis see reduction in
significance of previous excess
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1500 2000 2500

m,, [GeV]

—— Observed CL; limit ~ ATLAS Preliminary
Expected CL, limit s =13 TeV, 15.4 fb"

—— Observed CL, limit ~ ATLAS Preliminary
------ Expected CL, limit {5 =13 TeV, 15.4 fo!
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Xu [ Expected * 1o Spin-0 Selection AS W|th Oth er X_g [ Expected + 1o Spin-0 Selection
53 [ ] Expected + 26 Iy/my=10% . o [ ] Expected £ 20 NWA (T, = 4 MeV)
< diboson analyses — 5 10
£ NWA and LWA S
g interpretations g
3 S R A A VA VA A e A
§ . . o % 107

S, No significant -

m, [GeV] excess observed

%O Queen Mary

ATLAS-CONF-2016-059 University of London



hagll Conclusions

EXPERIMENT

ATLAS is highly active in searching for BSM phenomena in the Higgs sector

Only a small fraction of results shown here — checkout ATLAS public results for more:

Nothing significant has yet been observed

Lots more data to come! (% 2 of |V|
- WQd Queen Mary

University of London


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

