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Motivation

While the Standard Model is in excellent agreement with the LHC

measurements
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Many questions still unanswered

Motivation

The solution to the
hierarchy problem

Origin of
Dark Matter
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With 13 TeV energy in the c.m. , the LHC offers the best scenario for
searching a large variety of signals.
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ATLAS The ATLAS detector
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

----------- Electromagnetic Calorimeter

Pb-liquid Ar Accordion

Identification and measurement of photon and
electrons energy.

fneﬁc calorimeters
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The ATLAS
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@M Exotics searches: Heavy charged Bosons search

ANTONIO NARINO

Phys. Rev. D 100 (2019) 052013

v Charge resonance decaying into a lepton and a neutrino.
/ Dataset: 139 fb-1of pp collisions at 13TeV (run 2).

/ Results interpreted in terms of the production of a heavy
spin-1 W'boson with subsequent decay into the £v:

- Simplified model: sequential Standard Model (SSM)
W' couples to SM leptons identically to SM W

W' couplings to SM Bosons suppressed.

- Generic resonances with fixed widths (I'/m between 1% and

o



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052013

ATLAS

exrerivent EXOTICS searches: HQGVY Chﬂrged Bosons search

@ " —— " — @ " — " -
v U MC 2 ATLAS : * Data & 10°E ATLAS —W@TeV) . Data
Se w Vs=13TeV, 139 fio'! J aw i} . Vs=13 TeV, 139 ot W (5TeV w
W’ - ev selection " E:;m?;ark Wew, uv selection — W' (6TeV, 5;0'2 quark
I . 10° ¥
eST| maTe O DZ/Y [ Diboson

[Diboson 108 CJMultijet

major
backgrounds
and data-

—
S
()

—_
o
IS
o_l—l'l'l'l'l'l'l IlIIHIIl II[IIIII| ||ll||'|T| TTTIT

107
driven for fake ¢ e ——— o 14
3 12 ) D 12
leptons : 8:8% . 5 83
geig 7ot
: K S rontorssstt b R
estimate. g sl T é.‘ggg,é ;
200 300 1000 2000 i} ' 360 300 1000 2000
Transverse mass [GeV] Transverse mass [GeV]
my = \/2PTE}”iss(l —cosggy)
§1o 'llAITIL,IqlsHHHHIHH'HIE T 10§ATL|AS[|§
= - E mt 1 — c T(W)/mW)=0.15 7
v Exclude to z E=13Tev, 139007 oo™ = [ (5 13Tev, 139 b W)/ m(W) =010
. 2 Wb W Expected £ 10 2 g Wb — T(W)/mW)=005 3
6(51) TeV in L. 95% CL eweceaizs | 3 oL | Observedimis atos% CL W) /mw) 000
a = ;
5 _ N g m, > 0.3 m(W) — (W) /mW) =001 3
€|€C'|'r'0n Observed limit 7 v =
102 — SSM 5 1072 =
(muon) channel : :

e
S
w

-IIIII|I| T II|II|I| T I|IIIII| TTTT

v e e b e b Ly iy

1 2 3 4



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052013

ATLAS
@ Exotics searches: High-mass dilepton resonances

ANTONIO NARINO

Phys. Lett. B 796 (2019) 68
v Search for a new resonance decaying intfo two electrons or

two muons.

v Dataset: 139 fb-1of pp collisions at 13TeV (run 2).
v Z predicted by many BSM models:

- Sequential Standard Model Z'ssm (same fermion couplings
as SM Z boson)

- B¢ motivated Gran Unification Models : Z)’( and le//

- Heavy vector triplet model: Zyyr



https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub
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https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub

@ATLAS arXiv:1910.08447 URN

avemenr  EXotics searches: Dijets o BAZAS

Searches for heavy dijet + di b-jet resonances

Dataset: 139 fb-l.of pp collisions taken during 2015-2018 (full Run 2)

m;; distribution ranging from 1.1 TeV to 8 TeV

Dijets present in many BSM theories:
Excited quarks g* in models of
compositeness
Heavy Bosons (Z' and W')

DM Z' mediator models



https://arxiv.org/abs/1910.08447
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@ATLAS Exotics searches: X -> VV JHEP 09 (2019) 091

EXPERIMENT

v/ Search for a narrow diboson resonances decaying into fully hadronic final
states.

v/ Dataset: 139 fb-Lof pp collisions taken during 2015-2018 (full Run 2)

v/_The W and Z bosons produced in the decay of TeV-scale resonances are
highly boosted, and are therefore reconstructed in ATLAS as a single
large-radius- parameter jet.

v/ Three specific benchmark models are used:
> a spin-0 radion decaying into WW or ZZ;

* a spin-1 Heavy Vector Triplet (HVT) Model that provides signals such as
W — WZ and Z— WW;

a spin-2 graviton 6,,— WW or ZZ, corresponding to Kaluza -Klei
dall-Sundrum (RS) graviton



https://link.springer.com/article/10.1007/JHEP09(2019)091

YATLAS Exotics searches: X -> VV
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ATLAS Exotics searches: Dark Matter

v/ Simplified models: a new particle (or particles) mediates the
interaction of DM and SM particles.

X+ MET Resonances Higgs as mediator
Deviation from Looking for a bump coming Looking for an
SM background from mediators decaying  enhancement of
to fermions Higgs to invisible

X SM

Mediator Mediator
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v Invisible final state requires additional particles from ISR or
associated production.

 OATLAS

EXPERIMENT

DM becomes
visible as
ETmiss

Run: 302393
Event: 738941529
2016-06-20 07:26:47 CEST




$ATLAS Dark Matter searches: Jet + EfMiss =000 8
JHEP 01 (2018) 126

v’ Search for events containing an energetic jet and large missing
transverse energy (Visible object recoiling against MET.)

v/ _Dataset: pp collisions recorded during 2015-2016, integrated luminosity
of ~ 36 fb-l.

v Signal model:
> Simplified DM models: a new particle mediates the interaction of DM
with SM particles.
> Dirac fermions WIMPs (y) are pair-produced from quarks via s-
channel exchange of:

- Spin-1 mediator Z, with axial-vector
coupling or

+ Spin-1 mediator Zy, with vector
pling or —




SaTLAS Dark Matter searches: Jet + EMiss unn
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@&I!:ﬁé Dark Matter searches: h(bb) + MET

ATLAS-CONF-2018-039
v/ Search for DM produced in association with a Higgs boson h, with h
decaying into two b-quarks (most frequent decay, BR of 57%)
v/ Dataset: pp collisions recorded during 2015-2017, integrated luminosity of ~
80 fb-l.
v/ Signal model: 2HDM type-II with an additional U(1)z gauge symmetry.

v"Among five physical Higgs boson:
> Light scalar h -> SM Higgs boson

> Pseudo-scalar A, which decays to a pair y y

v/ Model parameters:

/
- mA, ng m;L,

- Gauge coupling of Z

tanp : atio of the vacuum expectation values




@e’x\ﬂ?ﬁé Dark Matter searches: h(bb) + MET Uﬁn
g ATLAS-CONF-2018-039
v/ Background sources § 15 anas pmnan 5, E
. o1 T e ;
_ w14 : [ Zujets -
© Main: W+jets, 17, Z(vv) 8 1.2, gl

— « mono-h Z'-2HDM (x 1000)
m, = 1400 GeV, m, = 600 GeV

Ggna = 3750

+jets -> estimated through
data control samples.

SR (Resolved) : 0 lepton
150 GeV < E7"° < 200 GeV
2 b-tags

\II|I\I|IIIIIII|I

> Subdominant: multijets

originated from pure strong =qsp T
inferactions -> estimated gogmmm*\ﬁiﬂ%@%s&ﬁ
. . SO e b o L DEERE
with data-driven method = 50100 150 200 250
m; [GeV]
> _Discrimina"‘inq Var‘iable: ; 1000:| L L L |O|b T |d\g‘,|5/| |C:L| ] |:
g [O) - I E— serve % N
mass of the Higgs boson S, go0F- %L_'qfsljehmmary _y ==== Expected 95% CL (+10)
~ /5=13TeV, 79.81b ]
. < - —-- PRL 119, 181804 .
candidate my, € 800[- h(bb) + ETss: Z+2HDM simplified model -
- tanf=1,g7=0.8, m =100 GeV, my = my: = 300 GeV -
v/ Observed limits are e E
consistent with the 6001 =
expectation under SM- 5001 1
hypothesis within a00r 1
: If/ | | 1 1 | | | 1 1 1 E

1500 2000 2500 3000
mz [GeV]




ATLAS ~ Dark Matter: Higgs to invisible

ANTONIO NARINO

v/ 125 GeV Higgs boson H acts as portal between a dark sector and the SM sector.

v/ Decays of H to DM particles represent a distinct signature in these models ->
indirectly inferred through E%’SS (invisible).

v/ Different topologies assuming SM production rates:

@ VBF topology

med




ATLAS ~ Dark Matter: Higgs to invisible
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ATLAS  Heavy neutrinos

ANTONIO NARINO

v Neutrinos in the SM are massless.

v Neutrino oscillation observations show that they have non-zero masses @—>®

-> neutrinos are “light" with masses < 1 eV (compared to the other \\ //
massive fundamental particles). @

v/ See-saw mechanism can explain the small neutrino masses:

> Idea: introduce right-handed neutrinos in the Standard Model which
have very heavy masses.

" A left-handed neutrino converses spontaneously in the right-handed
for a brief moment, before reverting back to being a left-handed
neutrino again.

> This results in the very small observed mass

» for the left-handed neutrino -> its smallness
being associated with the heaviness of the




ATLAS  Heavy neutrinos uAn
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v/ Type-1 Seesaw mechanism

* Introduce right-handed neutrinos (Majorana-type) intfo the SM
with heavy masses.

— <> <p>
h? < ¢ >2 e -
my ~ — L N_ L
Mg

~ HNL could generate the observed amount of baryon asymmetry
through leptogenesis and would be a valid dark-matter candidate.




ATLAS Heavy neutrinos HEP 10 (2019) 265 Unn

ANTONIO NARINO

v" HNL masses > 5 GeV can be accessed directly through the decays of W, Z or H
bosons.

v/ This search: W bosons exclusively decaying into a muon or electron and an HLN

v Two distinct experimental signatures have been designed to probe both short or long
HNL lifetimes:

* Prompt signature: three leptons originating from the interaction point (IP), two
muons and an electron or two electrons and one muon, with same flavor leptons of
same charge.

~ Displaced signature: prompt muon accompanied by a vertex significantly displaced
from IP, formed by either two muons or a muon and an electron.



https://link.springer.com/article/10.1007/JHEP10(2019)265

&I.!Tﬁé I-Ieavy neutrinos HEP 10 (2019) 265

Signal Model
v"HNL production
m2 m2
o(pp > W) - BW — £N) = o(pp — W)BW — £v) - |U*|(1 - —)X(1 +—)
My My
v"HNL decay

HNL lifetime 7 is dependent on the coupling strength | U?| and the
mass my

W™= [ =XTI.(my, |U?|) total width

v In this search:

4.5GeV < my < 50GeV

ct =0.001,0.01,0.1, 1, 10 or 100 mm



https://link.springer.com/article/10.1007/JHEP10(2019)265

Heavy neutral leptons

Prompt Signature

V" Search conducted in two channels:

Wi
Wi

— u*pu*e*v, (muon channel) and
— e*e™ 7y, (electron channel)

v/ Backgrounds:

» Irreducible: exactly three leptons (diboson,

triboson, 11V) -> negligible due to small cross
sections -> estimated from MC simulations.

» Reducible: events with fake leptons (semi-
leptonic decays of b(c)-hadrons, photon
conversions ...).

Large fraction comes from W+jets and
multijets events (multi-fake) -> estimated from
data.

tt estimated from data.

jets and single-top-quark estimated from

HEP 10 (2019) 265

ATLAS
Vs=13 TeV, 36.1 fb

- GR-

URnN

Multi-fake
B Triboson [1Z > ee

t W/iZz

Diboson [l single top E
Mz« tt 3
3

Z->pup

ATLAS
Vs=13 TeV, 36.1 fb’!

CR-1

. I I
-— Total background
Z-

[1zZ>ee

Multi-fake
t W/Z

B Triboson [l single top
Diboson tt

Mzosw

IIII|I!IAIIII|IIII|IIII|IIII|IIII|



https://link.springer.com/article/10.1007/JHEP10(2019)265
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Displaced-vertex Signature

v'For my < 20 GeV -> HNL lifetime gets longer -> DV is needed to explore these
regions.

v/ Search for a prompt isolated muon accompanied by a DV formed by either two
muons or a muon and an electron.

v/ DV can be reconstructed at radial distances up to ~ 300 mm due to the
application of “large radius tracking (LRT) algorithm"

v Backgrounds:
~ Sources of two-track DVs include:
* hadronic interactions in material,

* decays of metastable particles (b-hadron, s-hadron), accidental crossings
of charged particles,

¥ cosmic-rays muons crossing charged particle or reconstructed as ‘rwo
back-to-back muons. ’



https://link.springer.com/article/10.1007/JHEP10(2019)265
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Results
o e
o 103 = ATLAS ﬁ;cﬁ ;ﬁ\s/m :32.9-36.1 fb'14,100’7 = o .
- — Ooened rompt, LWy Ch@”ﬂe/ v/ Observation in the SlghCl'
o : E"E‘*:é’ i":"'“""’ tNo) _ regions are consus’ren.’r wu‘r.h
= [ Expected = 20 - background expectations in
- N both signatures.
107° = 3
- -V Limits from prompt
sl R S | signature cover the mass
™ [GeV] range 5-50 GeV. For mn
between 20-30 GeV mass ->
S° 00 ATAs  (s-13Tev,se1’ . regions in | U” | above 1.4 x
2 95% CL exclusion E/eCf § 10-5 excluded.
- o tepecieq Lo o
107 55 Epecea -0 =""e/ / | imits from DV signature
- . cover the mass range 4.5-10
105 = — GeV, in which they exclude
- - coupling strengths down to
- R ~ 2 x 106

1 0—6 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |



https://link.springer.com/article/10.1007/JHEP10(2019)265
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QOther searches

13 TeV results

v/ Search for RH-gauge bosons decaying into heavy neutrinos and a charged
lepton -> Left-Right symmetric Models 1904.12679

v Search for Heavy Majorana o Dirac neutrinos and RH-gauge bosons with final
states with two charged leptons and two jets -> Left-Right Symmetric Models
JHEP 01 (2019) 016

8 TeV results

v/ Search for type-IIT heavy leptons in llgq final state Phys. Rev. D 92 (2015)
032001

Search for type-IIT heavy leptons in lll final state. THEPO9(2015)108



https://arxiv.org/abs/1904.12679
https://link.springer.com/article/10.1007/JHEP01(2019)016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.032001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.032001
https://link.springer.com/article/10.1007/JHEP09%282015%29108

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2019 [Ldt=(32-139) fbo Vs=8,13TeV
Model ty Jetsi EI™ [rat[i™] Limit Reference
T T — T T T T — T T T T —T
ADD Gkk +g/9q Oepu 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
€ | ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
.g ADD QBH - 2j - 37.0 M, 89TeV n=6 1703.09127
©  ADDBHhigh ¥ pr >leu >2j - 3.2 Mh 8.2 TeV n=6,Mp = 3TeV, rot BH 1606.02265
“E’ ADD BH multijet - >3] - 36 | My 9.55TeV. =6, Mp =3 TeV, rot BH 1512.02586
5 RS1 Gk -y 2y - - 36.7 Gk mass 4.1 TeV k/Mp; =0.1 1707.04147
®  BulkRS Gkx » WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp; =1.0 1808.02380
¥ Bulk RS Gk —» WW — gqqq Oe,pu 2J - 139 Gik mass 1.6 TeV k/Mp; =1.0 ATLAS-CONF-2019-003
w Bulk RS gkk — tt Teu >1b,>1J/2) Yes 36.1 gkk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP ey 22b,>23j] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMD - tt) =1 1803.09678
SSM Z" — ¢t 2epu - . 139 Z’ mass 5.1 TeV 1903.06248
» SSMZ' - 1t 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
g Leptophobic Z” — bb - 2b - 36.1 Z' mass 2.1 TeV 1805.09299
@ Leptophobic Z’" — tt 1e,u >1b,>1J/2] Yes  36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
-8 SSM W’ — v lepu - Yes 139 W’ mass 6.0 TeV CERN-EP-2019-100
S SsMW -1y 17 - Yes 361 | W mass 3.7 TeV 1801.06992
% HVT V' - WZ — qqqq model B O e, u 2J - 139 V’ mass 3.6 TeV gv=3 ATLAS-CONF-2019-003
(O) HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv=3 1712.06518
LRSM Wk — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2pu 1J - 80 Wr mass 5.0 TeV m(Ng) =0.5TeV, g1 = gr 1904.12679
_ Cl qqqq - 2j - 37.0 A 21.8TeV 1703.09127
o Cl ttqq 2epu - - 36.1 A 40.0 TeV 1707.02424
Cl tttt >1eu 21b,21j Yes 36.1 A 2.57 TeV |Cat| = 4m 1811.02305
Axial-vector mediator (Dirac DM) 0 e, u 1-4]  Yes 361 |Mme 1.55 TeV 87=025, ,=1.0, m(y) = 1GeV 1711.03301
s Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q Wy EFT (Dirac DM) Oe,u 14,1 Yes 32 | m, 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y =0.4,2=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 15 gen 1,2e >2j Yes 36.1 LQ mass 1.4 TeV p=1 1902.00377
(¢ Scalar LQ 2" gen 1,2u >2j Yes 36.1 LQ mass 1.56 TeV =1 1902.00377
= ScalarLQ 3 gen 27 2b - 36.1 LQ; mass 1.03 TeV B(LQ§ - br) =1 1902.08103
Scalar LQ 37 gen 0-1epu 2b Yes  36.1 LQg mass 970 GeV B(LQJ - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
g,& VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
© a vLQ Ts;3Ts3l Ts;z = Wt+ X 2(SS)/>3eu>1b,21] Yes 36.1 Ts/3 mass 1.64 TeV B(Tsi3 = Wt)=1, c(Ts3Wt)=1 1807.11883
:?:’ g_ VLQY - Wb+ X tep 21b>1] Yes 36.1 Y mass 1.85 TeV B(Y — Wb)=1, cr(Wb)=1 1812.07343
VLQ B - Hb+ X Oep,2y >21b,>21j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWq lepu >4j Yes 20.3 1509.04261
- @ Excited quark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q") ATLAS-CONF-2019-007
o g Excited quark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
E 'E Excited quark b* — bg - 1b,1j - 36.1 b* mass 2.6 TeV 1805.09299
n 5_, Excited lepton ¢£* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 A=1.6TeV 1411.2921
Type Il Seesaw Tenu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2 TeV m(Wg) =4.1TeV, g1 = gr 1809.11105
> Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H*t mass 870 GeV DY production 1710.09748
£ Higgs triplet H** — ¢t 3eut - - 20.3 DY production, B(H* — {r) =1 1411.2921
e} Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
‘/_=13TeV V'=13TeV MR | MR SR | 1 1 MR | L L PR
partial data full data 1071 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).



ATLAS ATLAS at the HL-LHC URN

LHC / HL-LHC Plan etﬂ%?mny

LHC
LHC
Run 1 | | Run 2 | | Run 3
LS1 EYETS 14 TeV 14 TeV
13-14 TeV - energy
ice consolidatio inject rad - 5t07
7Tey 8TeV e oo Pointa o HL-LHC installation Inuﬁ"iinfgn
R2E project Civil Eng. P1-P5 regions _

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2024 2025

radiation
damage
2 x nominal | luminosi ty 4
75% experiment nominal luminosity | | | experimentupgrade | | —— 1 experiment upgrade
Inominal_t beam pipes phase 1 phase 2
uminosity |

e o s
ATLAS will face new challenges at HL-LHC.
Instantaneous luminosity increase x 10.

00 pp interactions per bunch-crossing.

cord 3000 fb'of data at

e



YATLAS ATLAS at the HL-LH: prospects studies W’ and monoje

10 ATLAS Simulation Preliminary ___ Expected limit C(I"XIV: 181207831

/ Both W' & mono e s

Expected *+ 26
- W‘SSM

analyses will benefit
from increased

luminosity.
W v
m,, [TeV]
> E xpec-red exc IUS' on Decay Exclusion [TeV] Discovery [TeV]
Wiy — ev 7.6 7.5
~79 TeV Wisn — 4w 7.3 7.1
Wisn — v 7.9 77

» 2 TeV increase wrt S
. . 8 1400; ATLAS Simulation Preliminary N
Run 2 IlmIT 'gx " (s=13TeV,3ab" ;

exp. sys. x1, th. sys. x1

1200} Axial-Vector Mediator
| Dirac Fermion DM

exp. sys. x1, th. sys. x1/2

1000 I 9,=0259 =1 exp. sys. x1, th. sys. x1/4
B 95% CL limits

[ Projection from Run-2 data

v Mono-jet >

Expected exclusion

111111111111111111111111

500 1000 1500 2000 2500 3000
m, [GeV]



https://arxiv.org/pdf/1812.07831.pdf

ATLAS

EXPERIMENT

ANTONIO NARINO

Conclusions
v Huge Exotics search program, only a selection shown today:
 Heavy resonances: W' and Z'
 Dark Matter: Complementarity in different final states.

 Heavy Neutral Leptons
v Many New Physics scenarios probed to unprecedented levels

v None of the searches have observed a significant excess over
expected backgrounds.

v/ Atlas also have a wide program of searches in Supersymmetry (not
discussed in this talk)

Iny searches in progress for the full Run 2

—
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ATLAS
EXPERIMENT BSM Higgs

v/ Two Higgs Doublet Model(2HDM) - Types

- Addition of a second Higgs complex - Type-I: all quarks couple with ¢2 .
doublet: ¢1 & ¢2
Type-II: RH up-quarks couple with

- If the potential conserves CP ¢2 and RH down-quarks couple with
symmetry -> 5 Higgs Bosons: ¢1.
* Two scalar fields with CP even hy H - Lepton-specific: ¢1 couples to

leptons and ¢2 to quarks.
> One pseudo-scalar field with CP odd

A ‘ Flippled: like type-II but leptons
t :
* Two charged fields Hz. PRI

 Model parameters

mH, Mh, Ma, Myt

- a:rotation angle that diagonalizes

the square of the scalar field mass
matrix

~ tan f: ratio between the vacuum
‘expectation values of the scalar




YaTLAS Dark Matter searches: h(bb) + MET S RS

v/ Dataset: pp collisions recorded during 2015-2017, integrated luminosity of
~ 80 fb-l,

ATLAS-CONF-2018-039

b-jet

v/ Events are divided into: L@ ~ Exactly two of
. . P h; 7" the jets are

resolved regions with £, < 500 GeV P " required to be

XX\ | b-tagged

gmiss \-
> merged region with E%/Iiss > 500 GeV -

@ Presence of at

,,4&2’_;, least one

large-R jet.




ATLAS

EXPERIMENT

v/"Reconstructed from
inner detector using
anti-kt algorithm.

v Main feature: pt
dependence of the jet
radius:

p

Pi
v/ Two other parameters:

R, and R, . ->lower

and uppercut on jet
radius.

R — Reff(pT) ~

Acceptance x Efficiency

0.8

0.6

0.4

0.2

Variable-radius track jets

III|III|III|III|IIIII'

ATLAS Simulation Preliminary

s -%- FR 0+1+2 b-tag —— VR 0+1+2 b-tag
Z-2HDM -3- FR 1 b-tag —#- VR 1 b-tag
mA=500GeV --A-Fszt +VR2bt
Merged SR i 9 -

1000

1500 2000 2500 3000

m.. [GeV]




@&I!:ﬁé Dark Matter searches:

v Exclusion contour in the

(m,, my) space in the
Z'-2HDM scenario for

1000

mA [GGV]

900
~ tanf =1 800
- g, =0.8 700
- m, = 100 GeV .
500

- Observed limits are
consistent with the 400
expectation under SM-
only hypothesis within
_uncertainties.

h(bb) + MET

ATLA
S~COI\//:_20 1820
~ 39

I I I I | I I I [ I [ I I I | I [ [ [ | I I I [ | I
- — QObserved 95% CL
ATLAS Preliminar
e 1s TeVI 7'9 8¥b_1 ==== Expected 95% CL (+10)
a o —-= PRL 119, 181804
h(bb) + EMss: Z’+2HDM simplified model
tang =1, g-=0.8, m, =100 GeV, my = my= = 300 GeV

IIIIIIIII|IIII|IIII|IIII|IIII|IIII
IlllllIllllllllllllllllllllIlllll

*
| | L. N

I | | 1
500 1000 1500 2000 2500 3000
mz’ [GGV]




ATLA> Dark Matter: Resonances THEPOS (2019) 142 ~onsweni

v/ Several searches for narrow resonances are interpreted in terms of
DM models

v/ Several final-state signatures which select different visible particles.

Analysis Models targeted Final-state signature

Dijet [186] V/AV 2 jets, mj;, y".

Dijet angular [186] V/AV 2 jets, myj, y".

TLA dijet [190] V/AV 2 trigger-level jets, m;;, y*.

Resolved dijet+ISR [191] V/AV 3 jets (or 2 jets and 1 photon), m,;, y".
Boosted dijet+ISR [192] V/AV (%) 1 large-R jet, 1 jet or photon, m ;.
Dibjet [194] V/AV 2 jets (1 and 2 b-jets), m;;, y*.
Dilepton [195] V/AV 2eor?2pu.

Same-sign tt [106] VFC 2 same-sign ¢, 2 b-jets, Hy, BT

1 ¢, hadronic ¢ candidate (resolved and

_ i A .
tt resonance [196] V/AV boosted topologies), E2.

tttt [197] 2HDM+-a 1 ¢, high jet multiplicity.



$ATLAS 3
Dark Matter: Dijet

JHE
v Dataset: pp collisions recorded during 2015-2016, integrated Iuﬁgﬂé@@y@

of ~ 37 fb-L.

v/ Event Selection:

> Events with at least two small-R jets with p; > 440(60) GeV for
leading (subleading) jets.

* Rapidity difference |y*|< 0.6 (reduces the QCD background)

- Invariant mass of dijet m; > 1.1 TeV

v/ Backgrounds:

" Multijet production described by QCD -> estimated from MC
simulations for the angular distributions and from data for the
_invariant mass distribution.




ATLAS

EXPERIMENT

v Dijet search

contours for 95% CL &
upper limits on the

coupling g, as a
function of

resonance mass iy,

v Each resonance

search analysis is

sensitive to
complementary

regions of mass-
coupling parameter

space.

v/ Couplings above

exclusion lines are

cluded.

1

0.5
0.4

0.3
0.2

0.1

0.05F

0.04
0.03

Dark Matter: Dijet

I 1
| ATLAS
Axial vector mediator Y7ol < 0.3 7
Dirac DM S lyi,l < 0.6 7
| mx=10TeV,gx=1.0 1’

I 1 1 1 1 1 1 1 1 I 1 1 1 I|llI|IIIIIIIIIIIIIIIIIIIIlIIW

100 200 1000 2000
my. [GeV]

95% CL upper limits
Observed
- - - Expected

Dijet 8 TeV

2031 "
Phys. Rev. D 91, 052007 (2015)

—_— Boo§ted dijet + ISR

36.1fb
arXiv: 1801.08769

—— Resolved dijet + ISR (y)

Preliminary, 15.5 b
ATLAS-CONF-2016-070

—— Resolved dijet + ISR (j)

Preliminary, 15.5 b
ATLAS-CONF-2016-070

—— Dibjet
243836.11 "
Phys. Rev. D 98 (2018) 032016

—— Dijet TLA

3682971 "

Phys. Rev. Lett. 121 (2018) 081801
— tt resonances

36.1 b

Eur. Phys. J. C 78 (2018) 565
—— Dijet

370"

Phys. Rev. D 96, 052004 (2017)

~| — Dijet angular

3701 "
Phys. Rev. D 96, 052004 (2017)



ATLAS ~ Dark Matter: Higgs to invisible

ANTONIO NARINO

v/ 125 GeV Higgs boson H acts as portal between a dark sector and the SM sector.

v/ Decays of H to DM particles represent a distinct signature in these models ->
indirectly inferred through E%/I’SS (invisible).

v/ Different topologies assuming SM production rates:

@ VBF topology

Event Selection:

> Eyiss > 180 GeV
- Two jets leading in pr separated in | An;| > 4.8

* No additional jets with p; > 25 GeV, no isolated electrons or muons with p; > 7
GeV (reduce background from V+ jets.




ATLAS ~ Dark Matter: Higgs to invisible

v/ Different topologies assuming SM production rates:

© Z(lep)H topology: Z decays to leptons ¢ A1 4 X

Event Selection:

med

- E7 > 90 6eV and E;**/Hy > 0.6

q Z 4 X
- Exactly one pair of isolated electrons or muons with an invariant mass

that is consistent with Z boson.

> Dilepton system aligned back-to-back to the E%/ﬁss vector (reduce Z+jets)

- B-jets vetoed to reduce backgrounds from top quark pair production and
Wtop.

Backgrounds:

> Irreducible Z(vv)Z(ll) estimated from MC simulations.

db

‘\-



ATLAS ~ Dark Matter: Higgs to invisible

v/ Different topologies assuming SM production rates:
® V(had)H TOpO'Ogy! W or Z decay hadronically 4

X

q
Event Selection: q W,z
- EM™S trigger and no isolated lepton with p > 7 GeV “n

W, Z \<
* Vis boosted -> jets are collimated -> two different q X
regions.
- “merged": EX'5 > 250 GeV and has at least one large-R jet.

- “resolved": £,/ > 150 GeV and has at least two small-R jets.

Backgrounds:

in: V+jets and 17 -> estimated from MC simulations.




ATLAS  Dark Matter: Higgs to invisible

v/ Comparison of the upper
limits at 90% CL from

direct detection & E- ATLAS
experiments on spin- % = B < 0.24 (s=7TeV,4.7 0"
independent Wimp- 3.1 040k All limits at 90% CL E: ?;$\e/</’2gé§1ft;b_1
nucleon scattering cross & | Higgs portals
section to the observed b;1 0-42E- i % Scalar wip
exclusion limits. i y Oﬁefz;rggmgﬁs
= -+ Cresst-1ll
v The excluded oyp_n 107 " DarkSides0
values range down to 2 x 3 T Pandaxdl
10-45cm2 in the scalar 10 e (e Xeromi T
scenario. 1 10 102 10° 10"
Mywp [GEV]

v/ In the fermion WIMP

case, Oyyp—y Values
“down 10-46 cm2are
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Prompt Signature

v/ Search conducted in two channels:

W= — u*u*e*y, (muon channel) and W= — ee*u*u, (electron channel)

v/ Selection:

Table 1: Signal region selection criteria for the prompt trilepton analysis.

Muon channel Electron channel

exactly u*u*e™ signature exactly e*e*u™ signature

pr(p) > 4GeV
pr(e) > 7GeV (2015), 4.5 GeV (2016)

leading muon pt > 23 GeV leading electron pt > 27 GeV
subleading muon pt > 14 GeV subleading electron pt > 10 GeV
m(e, e) < 78 GeV

40 < m(¢, £, €") < 90GeV



https://link.springer.com/article/10.1007/JHEP10(2019)265
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Estrategia para el analisis de los datos

Cualquier analisis que pretenda estudiar un fenémeno especifico
involucra definir:

1) SR: una region donde la senal predice un exceso de eventos sobre el
background predicho. Esta region se obtiene aplicando una seleccion
a diferentes variables cinematicas.

2) CR: una region de control donde los backgrounds pueden ser
controlados comparandolos con los datos. Esta region permite estimar
los procesos de background que contaminan la SR.

3) VR: regiones de validacion del modelo utilizado para predecir los
eventos de background en la SR.

Los espacios de fase explorados deben ser amplios, considerando varios
observables capaces de discriminar la senal del background.

Las blsquedas actuales poseen gran complejidad, haciendo uso de todos
_ los datos colectados.

)serva sefnal de nueva fisica, se establecen limites de

et



Calorimeter towers

¢ A reminder of electrons in ATLAS third layer (7%

¢ Online reconstruction do not use second layer
SuperClusters and GSF BBy 0000

¢ L1 and fast selection different from offline  first layer (strips)

Anx A= 0.0031x0.098

’
electromagnetic ,-*| !
- v
calorimeter i

’l

presampler

TRT (72 layers)

. oo ==
X . oo &[]
. oo W[N]

o. ) ..III-- R'I
*." eProbability HT ==lll==

AN

insertable b-layer




Upgrade phase 1

ANTONIO NARINO

Phase 1
~ New muon small wheel

* Has to be replace because of new conditions of Run ITI
~ New trigger Schemes :

- FTK ->track finding and fitting done at hardware level -> fast (latency
less than 100us for input rates up to 100 kHz).

- Tracks will be available at the beginning of L2 -> less load on L2.

Phase 2

> New inner detector.

er and trigger upgrades.




FPOC e CEPC 1.C CLIC

Secies ete” ot ete ele
Beam encrgy [GeV) 46, 120, 183 46. 120 125, 2ah 190, 1500
Circum&rence [/ Length (km) ar.75 1o 205, 31 11, 50
Intezaction regions 2 2 1 1
Extimated integrated luminonity 26, 0.8, 0.17 4,04 0.2.0.2 0.2.0.6
e exp. (nh o Syear)

Peax luminesizy (10% e 2 51} 20, 7, 1.5 82,8 I 1.5. 6
Time between collisions () DALS, .75, 8.5 0.0235, (.68 0455 0.0005
Energy spread {romns, 10"3} 1y, 165, 2.0 0.4, 1.0 e": 1.9, 1.2 3.3

e*: 15,07

P ros peCtS fO r Bunch kength (rms. mr) 12.1,5.3. 38 8.3.3.3 0.3 0,08, 0.0M4

. 1P heam size (pm) H: 6.3, 14, 38 H: 59, 2] H: .52, 047 H: 0.15, 0.04

new colliders V006,004, 007 V:0.04. 007 | V:0.008, 0.006 V: 0,003, 0.001

Injection energy (GeV) an eaergy an eaergy 5.0 {linac) 8.0 (linne)
(tonping off | (topping off )
Transv. geom. emittanoe [rms, H: 270, 630, 140 H: 170, 1210 H: 20, 10 H: 24, 0.22
pen) T S S v: 2, 3 V:0.14. 0.07 V: 0008, (.01
3% nt intetnction paint (cn) H: 15, §0, 00 H: 20, 36 H: L3 22 H: D8 D69
V: 048, 0.2, D16 V0.1, 15 Vi 0.041, 0B V:0.01, 6.8 x 10

Full eressing angle (mrad) 30 KK 14 20
Crossing scheme crnb whaist crab waist crih crossing crab crossing
Piwinski angle 8 = a8/ (267) 8.3, 5.8, 1.5 23.8, 2.6 0 Q
Beam beam parameter £, (107%) 133, 118, 144 72, 109 n/fa n/a
Disruption paricneter 0y, 09, 11,19 0., 1.0 34,25 8, 12
Average Upsilon T 00002, 0.0004, 0.0006  0.0001, 0.0005 003, 0.06 0.26. 34
RF frequency (MHz) 400, 400, 800 6Bal 1300 11594
Particks per bunch {10°Y] 17, 15, 27 815 2 0.32, 0.37
Bunches per bram 16640, 328, 33 12000, 242 13112 (pulse} 332, 312 (trnins at 30 Hz)
Average beam current (mA) 1390, 29, 5.4 19.2 fi (in triin) 1660, 1200 {in trnin}
RF gradient (MV/m} 11,98, 198 1.6, 10.7 3.5 72,100 _

Polasization (%) >10,0.0 5-10, 0

100
s




