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Overview

»+ New physics searches @ LHC

» Dark Matter and Beyond Standard
Model Higgs @ LLHC
»+ Recent results from ATLAS and CMS

»+ Summary
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The LHC & collider detectors

The CERN accelerator complex
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The LHC & collider detectors

MUON SYSTEM The CERN accelerator complex
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An LHC data analysis in a nutshell

e First: acquire and save the data sets

LHC P-P Coliision Tr‘mer Sﬂsfem Data chmsﬁnon Event Reconstruction Dataset S'rorase
@r o ' '
\\ ,/ < (;: w @W
=@
VZIDN s

& =

e Next: interpret the data, define strategies, statistical analysis
HC Dataset 'Phﬁ&tcs ob\\ed Selection Event Selection 'Backﬁround Hodel'lrs Statistical Qnakds’ts Final Result

>.

»  ATLAS and CMS apply different approaches in some steps
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An LHC data analysis in a nutshell

e First: acquire and save the data sets
Data Acquisition Event Reconstruction Dataset Storage
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e Next: interpret the data, define strategies, statistical analysis
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An LHC data analysis in a nutshell
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DM searches @ LHC

e Several ways tolook for

Dark matter
= (Colliders playan
important role!
<
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Recent results from ATLAS & CMS




EXOT-2018-34

ATLAS H++H-- search

e Search for doubly-charged Higgs bosons

»+  Motivated in extended Higgs sector models,

V-mass models (type-2 seesaw models), others, <
»  e/u channels !

Q|
LY
AN
N\ ~
+ +

L B L B L B B LU B

10ATLAS ----Expected 95% CL limit

SJUs=13TeV,139fb”" [l Expected limit + 1o
Expected limit + 2¢

— Observed 95% CL limit

— Doubly charged Higgs

»r  Same SB“ lepfon Pa'\rs

L1 llIIIlI

e Strategy

Total cross-section [fb]

=+ Same-sign requirement = virtualy B e ]
b&C\(ﬁVOUﬂd“‘Q‘QQ éﬂélgS\Sl I 5 BH* - F %) =100% |
10 E

=+ Use invariant mass of same sign B ]
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pair as diacriminant*
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CMS-PAS-EXO-21-005

CMS GeV scale resonance search

e Lowmassresonance — uu Z, )
B+ Resonance searches are a powerkul tool £or Zﬁ-ﬂu_<
searches for new Phﬁs'\cs u

B+ \nterpretation in o\ark-ehofon and
extended H‘ms sector models

CMS Preliminary Scouting Triggers, 96.6 fb™' (13 TeV)

-
o
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— Upsilon Trained Selection
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e Strategy
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https://cds.cern.ch/record/2851121

CMS-PAS-EXO-21-005

CMS GeV scale resonance search u .

e Lowmassresonance -uu  JVWIWWUIW >
B Resonance searches are a powerfu tool for u
searches for new Ph&)s'\cs
B+ \nterpretation in dark-photon and
extended H‘ms sector models

10—8--.‘\“\,I..‘\\\\\.I‘\\\\\‘,‘\\\\\

e Strategy
P+ Trigger-vel “scouting' analysis b= e e 00
»+ Dedicated triggers and

96.6 fb~' (13 TeV) |
|
1 dentification for low mass, :
»+ Search Véﬂﬁer around the J/ 8 : i Type IV 2HDM+S model 1
|
|

and T resonances
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HDBS-2019-13

ATLAS dark photon search via ZH

e Darkphotonssearchin H— py,

»+ Here H is m(H) =125 GeV = o[ ATLAS N
1 - {s=13TeV,L=139fb" T
Br P, Can be massive of masskes A Expected : o
5 - Expected + 26
E oo
o Strategy R
. _ _ 2=
B+ Select events with Z—ee"/uu™ and p i
ol | | | L
107 1 10 m. IGe
B+ Use MET + 9 to calcuate transverse mass v eV
»+ Use BDT to cla,ss\?&j s\f)nal VS backﬁrouno\
v &= ‘>
8 > Z
f+
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CMS search for DM particlesinww — Wz/,f

Search for DM particles in events

°
with W*W- + MET
B+ \nterpretation in the context of a dark H‘ms model
CMS Preliminary 137 fb™ (13 TeV)
s 400p " T " Dark Higgs, Z' — DM +s (WW) z
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200—
B 107"
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-012/index.html

Summary




Summary

e Showed a select few new results from ATLAS and
CMS on searches for BSM Higgs and Dark Matter

»*  More exciting resuits on plenary and paralel talks!

e Collider searches for DM are a key piece of the puzzle

»+ H\\cﬁs boson is a Pow@r@ul tool for Search'\nﬁ for new Ph\js\cs
e Results shown here use datasets from Run 2 of the LHC
B+ 81‘63 tuned for results based on the otﬁo\ra Run 3!

S. Paredes Saenz
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Conf. Note in CERN Document Server

ATLAS H++H-- search

. B ¢t
e Search for doubly-charged Higgs bosons g , <
»+  Motivated in extended H'ms sector models, ;s
V-mass modkls (type-2 seesaw models), others. ZIy* SNH- e
»  e/u channels ; <
= Same sign lepton pairs ) | e
g o ?_TLAS . ! , ¢ Data - DreII-IYan : :
° u>.1 1 s=13TeV, 139 fb ! A4 Total SM E E::Zson
Strategy 10° [ Other
»+ Separate analvs\s o\epeno\'\nﬁ 102
on number of leetons 1’
1
recor.\s‘rru.c’red E 4 ////
»+ (Use ivariant mass of same ;‘%égg_ 3 gretf;{at.? o e £ -7
| | A £ i W SR e e e sVl ot 4
sign pair as discriminant* 5 % ¥ ¥ R g0 oF ¥ & o ég & $F & G
Control reglons Valldanon regions Slgnal regions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-34/

H++H-- : selection cuts

| Control regions | Signal regions I Validation regions
| bycR | DBCR2L | DBCR3L | (CR4L | SR2L | SR3L | SR4L |  VR2L VR3L VR4L
ete” | e*e* 0567 | erere e | ete*r | £xexeT | £tete b | etet o e
Channel e*u* e*u* e*u*
B pEp* i
Number of leptons | 2 | 2 3 4 | 2 | 3 4 | 2 3 1
m(€*, € )eaq [GeV] | = 300 . - . . - . . 2 .
m(€*, ") 1eaq [GeV] - [200, 300) | =300 | [100, 200) | >300 | >300 | > 300 > 300 [100, 300) | [200, 300)
p1(€*, £*)1ead [GeV] - - - - >300 | > 300 - [200, 300) - &
AR(fi, f,i)lead - - . - <35 - - <35 - -
m [GeV] : - s - - - > 300 2 ¥ @
EDis [GeV] - > 30 . : - - - - > 30 < - -
In(¢, ") & <30 - 8 = 2 = - <30 - 2 s
Z-veto - - inverted - - v v - v -
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H++H-- : Fake and non prompt selection

Muon channel ’ Electron channel

pt variable binning

b-jet veto
Single-muon trigger Single-electron trigger
Exactly one muon Exactly one electron

Five n bins, two ETmiSS bins | Four n bins, two E‘TniSS bins
pr(jet) > 35GeV
Ap(u,jet) > 2.7

EMS < 40 GeV
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H++H-- : Limits per channel

S. Paredes Saenz
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H++H-- : Systematics
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CMS scouting search: systematics

Effect My, <26 GeV m,, >42 GeV
Integrated luminosity 2.3-2.5%

Mass resolution 20%

Trigger efficiency 1-20%

Muon ID efficiency 4-9% 12-20%
Vertex selection — 3%
Efficiency application 8% 4%

D meson normalization TFs

20-25% —

S. Paredes Saenz
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PAS in CERN Document Server

CMS GeV scale resonance search
e JL.ow massresonance — uu : CMS Preliminary 96.6 b (13 TeV)

% — Observed
B Resonance searches are a powerfu tool for g 1 . Expected
A F RS
searches for new Phﬁs'\cs > [J+20
107"
P+ generic search -» assume only narrow resonance g
. X FMM A \JZWV\N aail
B+ \nterpretation in dark-ghoton and 102 NM/W/\MJUW
extended H'Ess sector models T
107 : ' —
2 3 4 5 6 7 8
o OStrategy My (G

CMS Preliminar 96.6 fb~! (13 TeV)

2+ Tr'mer—level “scouﬁna“ analtjs\s W
» Dedicated triggers and
u identification for low mass
%Searchranﬁe:arouno\’rheJ/?P"
and 1 resonances My, [GeV]
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https://cds.cern.ch/record/2851121

CMS DM search in WW events: preselection, m_

e Semiketone
______________ K,f oo | Quantity Selection i
. Quantity Selection | | Number of leptons 1 |
i Number of leptons 2 | i Additional leptons 0 |
' Lepton flavors ey, ue i ' Number of jets 2 i
. Lepton charges Opposite | | Non W-candidate b-tagged jets 0 |
. Additional leptons 0 my > 65GeV, < 105GeV |
i s >25GeV | | pEss > 60GeV |

: | i |
B >20GeV | | PT > 60 GeV |
| My, >12GeV | mT’pT > 80GeV |
i p%g > 30GeV | i ARy <3 |
| gprss >20GeV | | Adyy <18 |
I . miss,PF proj _miss,track proj 20 GeV : I A‘P o oniias b :
| min(py P ) >20GeV | | Pppp 7L
iy >B0GeV | [ e

i . erc
: ARH & 2.9 : :mT P \/2PTman-rrnlSS [1 — COS A(P(meln, PT == ]l :
. Number of b-tagged jets 0 ]

—_——— - - - —_—_——_-—_——- - - —_-_ - - -
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PAS in CERN Document Server

CMS search for DM particles in WW

e Search for DM particles in events with WW" and MET éﬁ;
B+ \nterpretation in the context of a dark H‘ms rmodel i
R Qnalas\s of LUl Run 2 data set

e Strategy L

a.u
o
~

P+ Select 1 or 2 e/u (semi/di-leptonic) R L Wandtt

m, =160, m_ =100, m_, = 500
8! x Z

P+ Calculate fransverse mass from ¢ and MET  osf

: _ . 04f E
»* Use BDT to class\% signal VS backﬁrouno\ N F
0.3 3
semi-leetonic channel 02k E
0.1 E
0: P
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-012/index.html

ATLAS dark photon search in ZH: event selection

Two same flavour, opposite sign, medium ID and loose isolated leptons,
with leading pt > 27 GeV, sub-leading pt > 20 GeV

Veto events with additional lepton(s) with loose ID and pt > 10 GeV

76 GeV < mge < 116 GeV

Only one tight ID, tight isolation photon with E%' > 25GeV

E™ss > 60 GeV with Ag(E™S, 5L°7) > 2.4 rad

Mmeey > 100 GeV

Njet < 2, with pi' > 30 GeV, || < 4.5

Veto events with b-jet(s)

S. Paredes Saenz
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Article in CERN Document Server

ATLAS dark photon search via ZH

T

e Dark photons searched in H — yy, gl S
»*+  p, motivated in both particle (ahtjs'\cs and . T e
cosrnological rmodels 102}
B+ Qnalﬁs'\s uses Al Pun 2 dataset A—— i
e Strategy
B+ Find events with Z—ee/uu® and p S
B Wi
P+ Calculate transverse mass from ¢ and MET ~m_ OQW/W//////////////{
» Use BDT to class\?tj signal VS backﬁrouno\ ’ » 1 N
L £ -
8 g Z
f“'
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Article in CERN Document Server

ATLAS dark photon search via ZH

e Dark photons searchedin H — py,

P, motivated in both particle physics and e e — omares
COSMO'Oﬁ\Cé' MOdels %’ 8_—ZH’ o, Expected + o
s C Expected + 26
» Qnalas\s uses €Ul Run 2 dataset Eoor
e Strategy A
. _ _ 2F
P+ Select events with Z—ee/uu”™ and p i
ol | | | L
107" 1 10 m. Ge
»* Use MET to calculate transverse mass 1 BV
» (Use BDT to ciass\?tj s\f)nal VS backﬁrouno\
£ 148 5
14 g Z
f+
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