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OUTLINE

Searches for BSM particles decaying to Higgs, top and Gauge bosons (B2G)

e Search for W’ bosons decaying to a top and a bottom quark in leptonic final states B2G-20-012

* Search for a heavy resonance decaying into a top quark and a W boson in the lepton+jets final state
32G-21-055 B2G-20-010

Exotica (EXO)
e Search for prompt production of a GeV scale resonance decaying to

VY R
W\ M
\'C . ’ L

a pair of muons EXO-21-005

e Search for dark matter particles produced in W+W- events with

transverse momentum imbalance EXO-21-012

2% Jeremi Niedziela


https://cds.cern.ch/record/2853340
https://cds.cern.ch/record/2845019
https://link.springer.com/article/10.1007/JHEP04(2022)048
https://cds.cern.ch/record/2851121
https://cds.cern.ch/record/2851848

INTRODUCTION

Why search for new physics at LHC?

dark Matter,

dark Energy,

baryon asymmetry in the Universe,
origin of neutrino masses,

gravity and quantum mechanics,
fine-tuning of the Higgs mass,
hierarchy of fermion masses,
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This talk

Presented results (unless stated otherwise):
 proton-proton collisions at /s =13 TeV,

 full LHC Run 2 data,

e l[uminosity: 138 fb-1.

Jeremi Niedziela



V' SEARCH

e target: multi-TeV mass range (2-6 TeV considered)
— completing previous searches (< 3 TeV)

* top quark — distinct signature

o different width (1, 10, 20, 30%) and chirality assumptions / 0 / u \ p
— interpretations for wide range of models | \

Analysis detalls
« pbackgrounds: W+jets, QCD, tt, single top
* signal/control regions: number of b-tagged top/W'’ jets




' B2G-20-012

reconstruct W

uselepton | Find pz, such that
4-vector : My = Mmw E‘
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VW' searcn  B2G-20-012

reconstruct W

find jet originating from W’
(highest pr, possibly b-tagged)

uselepton | Find pz, such that
4-vector | My = Mmw E‘

find b-jet originating from top

e
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reconstruct W
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VW' searcn  B2G-20-012

Results
 ABCD-like method with mietw VS. Miop,
e good agreement in the Control Region,

138 fb' (13 TeV)
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V' search

' B2G-20-012

Results

 ABCD-like method with mietw VS. Miop,

e good agreement in the Control Region,

 small excess at 3.4-4.4 TeV (local: 2.60, global: 2.00) in one of the p SR
best described by right-handed, narrow width signal hypothesis,
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W, Sear@h ' B2G-20-012

Hesults e 38 D7 (13 ToV)
+ ABCD-like method with Mietw VS. Miop, a CMS —— pp =W, —th -
» good agreement in the Control Region, g 10 Preliminary 95% C(')—bUSF;Fﬁ;gm'tS E
* small excess at 3.4-4.4 TeV (local: 2.60, global: 2.00) in one of the p SR _TE 1oi— 1% e Median expected i

best described by right-handed, narrow width signal hypothesis, = B 68% expected =
e simultaneous fit in all signal regions for e/u final states, % 1;— 95% expected —;
+ limits on RH and LH W’, with different widths. ZF iht handed W’ :
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HEAVY TVV RESONANCE

e excited b-quarks in compositeness models =few TeV
e for mp- > 700 GeV decays to tW dominant

* high pt top and W — collimated objects

 RH, LH and VL scenarios studied




B2G-20-010
B2G-21-005

Y

HEAVY TVV RESONANCE

Analysis details & Results
* backgrounds: tt, QCD, W+jets, single top, VV,
* signal/control regions:

» number of b-tagged jets,

» high/low prmiss and pr,
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HEAVY TVV RESONANCE

B2G-20-010
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B2G-21-005

\_

Analysis details & Results

* backgrounds: tt, QCD, W+jets, single top, VV,

* signal/control regions:
» number of b-tagged jets,

Events/Bin

Data/Bkg.

» high/low prmiss and ptVW,
ABCD-like method with ptmiss vs, ptVW,
good agreement in Control Regions,
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Analysis details & Results
* backgrounds: tt, QCD, W+jets, single top, VV,
* signal/control regions:
» number of b-tagged jets,
» high/low prmiss and pr,
* ABCD-like method with ptmiss vs, ptVW,
e good agreement in Control Regions,
* no significant excess observed,
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B2G-20-010

HEAVY TVV RESONANCE | ’
( )
B2G-21-005
N\ J
. . CMS Preliminary March 2023 138 fb™' (13 TeV)
Analysis details & Results . TR T————"
* backgrounds: tt, QCD, W+jets, single top, VWV, <k — W > baqiv (B2G-20-010) .
| | e = —tW — bqgq,qq (B2G-19-003) -
o s|gna|/contr()| regions: dj tW — bqa,qq & bag lv (B2G-19-003 & B2G-20-010)
» number of b-tagged jets, 6;10—1 I )
» high/low prmiss and pr¥, S ‘
: - - E
* ABCD-like method with ptmiss vs, ptVW, e
Q.
* good agreement in Control Regions, S 107F — observed E
" O -~ Expected
* no significant excess observed, ke i
Lo LH
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| OW-MASS DIMUONS

* final state: 2 opposite sign muons e
» extension of high-mass searches !
» mass range: 1.1-2.6 GeV and 4.2-7.9 GeV
(excluding region of J/Y, P’ and Y(1S) resonances)
* example theoretical scenarios /
» dark photons Zp, with kinetic mixing €
» two Higgs doublet models with extra scalar a (2HDM+S) /

w]
e
+




| OW-MASS DIMUONS

* final state: 2 opposite sign muons
* extension of high-mass searches
» mass range: 1.1-2.6 GeV and 4.2-7.9 GeV
(excluding region of J/Y, P’ and Y(1S) resonances)
* example theoretical scenarios
» dark photons Zp, with kinetic mixing €
» two Higgs doublet models with extra scalar a (2ZHDM+S)

w]
e
+

Analysis detalls
* dedicated scouting trigger stream
» muon pr as low as 3 GeV
» storing reduced event information




L OW-MASS DIMUON SCOUTING  EX0-21-005

Scouting trigger

e at HLT: =2 muons pt > 3 GeV,

 ~4-8 kB/event (standard event size =1 MB),

* 2 kHz event rate (standard dimuon triggers: 0.45 kHz),
* integrated luminosity: 96.6 fb-1,
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Scouting trigger
e at HLT: =2 muons pt > 3 GeV,
* =~4-8 kB/event (standard event size ~1 MB),

* 2 kHz event rate (standard dimuon triggers: 0.45 kHz),

* integrated luminosity: 96.6 fb-1,
 efficiency drops with decreasing myu and ARy,

(more boost, more aligned — larger uncertainty on vertex position).
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Scouting trigger
e at HLT: =2 muons pt > 3 GeV,
* =~4-8 kB/event (standard event size ~1 MB),

* 2 kHz event rate (standard dimuon triggers: 0.45 kHz),

* integrated luminosity: 96.6 fb-1,
 efficiency drops with decreasing myu and ARy,

=
=
(more boost, more aligned — larger uncertainty on vertex position). T

Offline analysis

* pt>4 GeY, |n| < 1.9 (assure optimal dimuon mass resolution),
* muons identified with a MVA technique, based on:

» tracks quality,
» |Solation,
» vertex iInformation.

CMS Preliminary
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L OW-MASS DIMUON SCOUTING [ exozioss

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

07

—h

Signal extraction & background estimation
Fit to dimuon miny distribution:

n — Upsilon Trained Selection

Y - - - - Jhp Trained Selection

Events / (0.002 GeV)
S

* signal: double Crystal Ball + Gaussian, parameters from known resonances, SRR
e pbackground: empirical functions (e.g. polynomial times exponential). 10°E"
10* E
10°
10°E | | | | |
0 2 4 6 8
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CMS Preliminary Scouting Triggers, 96.6 fb™ (13 TeV)

07

—h

Signal extraction & background estimation
Fit to dimuon miny distribution:
 signal: double Crystal Ball + Gaussian, parameters from known resonances,

n — Upsilon Trained Selection

Y - - - - Jhp Trained Selection

~

Events / (0.002 GeV)
S

_lll_lll_ I llllllll T T

* packground: empirical functions (e.g. polynomial times exponential). 10°
Results 10°E
* visible peak from Do = KK/Kr, where both hadrons misidentified as muons, i
10° I | | | | |
0 2 4 6 8
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L OW-MASS DIMUON SCOUTING  EX0-21-005

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

—h
o
~

Signal extraction & background estimation

Fit to dimuon miny distribution:

 signal: double Crystal Ball + Gaussian, parameters from known resonances,
e pbackground: empirical functions (e.g. polynomial times exponential).

n — Upsilon Trained Selection

- - - = Jhp Trained Selection

l_ I llll_llll ALY
~
7

Events / (0.002 GeV)
2 S

Results =
* visible peak from Do = KK/Km, where both hadrons misidentified as muons, wsi
* the largest excess at 2.41 GeV (local: 3.240, global: 1.270), _
— side note: 3.10 LHCDb excess at 2.42 GeV, s - s ; ; |
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L OW-MASS DIMUON SCOUTING  EXO0-21-005

—h
o
~l

. . . . CMS Preliminary Scouting Triggers, 96.6 fb™ (13 TeV)
Signal extraction & background estimation :

Fit to dimuon miny distribution:
 signal: double Crystal Ball + Gaussian, parameters from known resonances,
e pbackground: empirical functions (e.g. polynomial times exponential).

IR
e —

— Upsilon Trained Selection

- - - - Jhp Trained Selection
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T

-
\‘-

Events / (0.002 GeV)
S

-
o
[6,]

Results Rl
* visible peak from Do = KK/Krm, where both hadrons misidentified as muons, 103i
* the largest excess at 2.41 GeV (local: 3.240, global: 1.270),
— side note: 3.10 LHCb excess at 2.42 GeV. 10 s —

10 _
m,, [GeV]

* limits derived for dark photons and 2HDM+S.

CMS Preliminar 96.6 fo~! (13 TeV)
£ |
1<
(7))
10"
BaBar
Cs Type IV 2HDM+S model
10‘2§ tanp=0.5 -
' R I R R T R R R N T L T R
2 3 4 5 6 7
m, [GeV]

17 Jeremi Niedziela


https://link.springer.com/article/10.1007/JHEP10(2020)156

L OW-MASS DIMUON SCOUTING  EXO0-21-005

—h
o
~l

. . . . CMS Preliminary Scouting Triggers, 96.6 fb™ (13 TeV)
Signal extraction & background estimation :

Fit to dimuon miny distribution:
 signal: double Crystal Ball + Gaussian, parameters from known resonances,
e pbackground: empirical functions (e.g. polynomial times exponential).

IR
e —

— Upsilon Trained Selection

- - - - Jhp Trained Selection

~

T

-
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Events / (0.002 GeV)
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Results Rl
* visible peak from Do = KK/Krm, where both hadrons misidentified as muons, 103i
* the largest excess at 2.41 GeV (local: 3.240, global: 1.270),
— side note: 3.10 LHCb excess at 2.42 GeV. 10 s —

10 _
m,, [GeV]

* limits derived for dark photons and 2HDM+S.

CMS Preliminar 96.6 fo~! (13 TeV)
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DARK HIGGS

* models with dark Higgs s, Z’ boson and DM candidates X
e ms > 160 GeV — decays to WW dominant
e di-leptonic & semi-leptonic channels

Analysis details

e luminosity: 137 fbo-1 (2016-2018)

« backgrounds: WW, Z—=ppu, W4jets, tW, tt |
 signal/control regions: e.g. same sign vs. opposite sign leptons

57



DARK HIGGS

 EXO-21-012

Events / bin

Data/Pred

}

CMS Preliminary 137 b (13 TeV)

L I | | | | I | I I | | 1 | | I | | I —
10" = M Other background B Drell-Yan =
~ I Higgs | Non-prompt =
10° =1 ww tW and i =
— m, =160, m_ =100, m_, =500 | | Total uncertainty -

10° & s z =
= 1.5< AR, <2.5 =

B —&— ;
—e— —@— =

—@— —— —@— —o— o E

—@— —;

—@—

\

o 5 10 15

Analysis details
e di-leptonic channel:
» main variable: mr of trailing lepton @ prmiss system,
» 2D fit to my vs. myimin,pTmiss
e semi-leptonic channel:

» BDT based on 13 most discriminative variables (e.g. ptl, AN, prmiss).

13
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DARK HIGGS  EXO-21-012 |

|

CMS Preliminary 137 b (13 TeV)

C — I I | | I I | I I I I | 1 | I I | | —
a 10’ = Other background B Drell-Yan =
; - I Higgs 0 Non-prompt .
T 10° = WW tW and tt =
o s m, = 160, m =100, m_ =500 [__| Total uncertainty -
I 10°= " ‘ =
= 1.5< AR, <25 =

B —@— ;

e — o =

—— —8— —@— —o— o —

—@—

{

!

©
D
o
8
©
‘R e \
0 5 10 15 - pmiss
bin number (m -m;™ 7 )
Results

 simultaneous fit to both channels,
* no significant excess,

* limits derived on ms vs. mz for different my assumptions,
e for my = 200 GeV, these are the most stringent limits.

Analysis detalls
e di-leptonic channel:
» main variable: mr of trailing lepton @ ptmiss system,
» 2D fit to my vs. mymin.pTmiss
* semi-leptonic channel:
» BDT based on 13 most discriminative variables (e.g. ptl, AN, prmiss).

CMS Preliminary 137 fb (13 TeV)
S 400 : " Dark Higgs, Z' — DM +s (Ww)| - -
O C Majorana DM, m =200 GeV | <
(.2. L 6=001,g =0.25,g =1 = %
Ew 350 L m— Expected 95% CL — 10
L — OQbserved 95% CL -
» + 1 std. dev. N
L + 2 std. dev.
300~ Q. h?=0.12
250
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500 1000 1500 2000 2500
m,. [GeV]

13 Jeremi Niedziela



SUMMARY

W’ search Low-mass dimuon scouting
 small excess (< 30) at 3.4-4.4 TeV,  small excess at 2.41 GeV (local 30),
e pest described by RH narrow width W’. consistent with the LHCb excess at 2.42 GeV,

* |imits on dark photons and 2HDM+S.

eavy tW resonance

e consistent with SM, Dark Higgs boson

e excited b-quarks excluded up to 3.0 - 3.2 TeV. e consistent with SM,

* dark Higgs exclusion up to 350 GeV, Z’ up to 2.2 TeV.

14 Jeremi Niedziela



SUMMARY

W’ search Low-mass dimuon scouting
 small excess (< 30) at 3.4-4.4 TeV,  small excess at 2.41 GeV (local 30),
e pest described by RH narrow width W’. consistent with the LHCb excess at 2.42 GeV, hidden valley
« limits on dark photons and 2HDM+S. eptoquarks
black holes
leavy tW resonance extra dimensions
e consistent with SM, Dark Higgs boson massive gravitons
* excited b-quarks excluded up to 3.0 - 3.2 TeV. e consistent with SM, stopped particles
. dark Higgs exclusion up to 350 GeV, Z’ up to 2.2 Tev,  W'/Z’ bosons
dark photons

excited quarks

extra scalars
dark Higgs
emerging jets
excited leptons
supersymmetry

sterile neutrinos
contact interactions
4th generation quarks
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excited quarks

extra scalars

dark Higgs
emerging jets

excited leptons
supersymmetry
sterile neutrinos
x * contact interactions
4th generation quarks
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SUMMARY

W’ search Low-mass dimuon scouting
 small excess (< 30) at 3.4-4.4 TeV,  small excess at 2.41 GeV (local 30),
e pest described by RH narrow width W’. consistent with the LHCb excess at 2.42 GeV, hidden valley
« limits on dark photons and 2HDM+S. Sptoq“arks
ack holes
leavy tW resonance extra dimensions
e consistent with SM, Dark Higgs boson massive gravitons
* excited b-quarks excluded up to 3.0 - 3.2 TeV. e consistent with SM, stopped particles
. dark Higgs exclusion up to 350 GeV, Z’ up to 2.2 Tev,  W'/Z’ bosons
dark photons

excited quarks

extra scalars

dark Higgs
emerging jets
excited leptons

supersymmetry

sterile neutrinos

contact interactions
4th generation quarks
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CMS preliminary March 2023
String resonance ] T 0579 eV 1911.03947 (2j)
Zyresonance ] 0350 eV 1712.03 143 (2 4+ 1y; 2e + 1y; 2+ 1y)
Wy resonance N 158 e 210610509 (1 + 1y)
Higgs y resonance ] 072325 TeV 1808 01257 (1 + 1y}
Color Octect Scalar, k] =112 ] 0537 TeW! 1911.03947 (2j)
Scalar Diquark N T 05=75 e 1911.03947 (2j)
th+ ¢, pseudoscalar (scalar), g2_ x BRI§-2() > =0.03(0.004) " OG5 R0I075TeY 191104968 (31, = 41)
tH+ ¢, pseudoscalar (scalar), g2 x BR(§~2{) > =0.03(0.04) M P 01108=0/30 TV 1911 04968 (31, =41)
pp+Zly+X M [ 06-16 TeV CMS-PAS-EX0-19-009 (pp + 1L, pp +Y}
o ol L R
quark compositeness (H), nugpe = -1 Ko 210302708 (21}
Excited Lepton Contact Interaction M 02516 eV 2001.04 521 (2e + 2j)
Excited Lepton Contact Interaction M 025 TeN 200104 521 {2+ 2))
vector mediator {qq), gq =025, gow =1,m, =1 GeV [ 035-07TeV 191103761 { = 3j)
vector mediator (), g, = 0.1, g = 1.g,=0.0L.m, >1TeV P 0210 Tel 2103 02708 (2e, 2p)
{axial-vector mediator (qq), go=025,gow =1, m, =1 GeV [0 05-28TeV 191103947 (2j)

{axial-}vector mediator (), gy = 025, gore =1, m, =1 GeV
{axial}-vector mediator {1}, g, = 0.1, g = 1.g,=0.1,m, >m,, 2
scalar mediator (+t#t), g, = 1,go=1.m, =1 GeV

scalar mediator (tt), g, =1, gg = 1.m, = 1 GeV

scalar mediator {fermion portal), Au=1,m, =1 GeV
pseudoscalar mediator (+jV), o = 1. g =1.m, =1 GeV
pseudoscalar mediator {+4), g, =1, g =1.m, =1 GeV
pseudoscalar mediator (tH), g, =1,gon=1.m, = 1GeV

complex sc. med. {dark QCD), m,, =5 GeV, cTx, =25 mm
Baryonic Z', g, =025, gou=1.m, =1 GeV

Z' mediator {dark QCD), my,, =20 GeV. ,,,=0.3, @y, =afmy

Z' - 2HDM, g- =0.8,guee = 1, tanB =1, m, = 100 GeV

Leptoguark mediator, f=1, B=0.1, Av. o =0.1, 800 <M, <1500 GeV
axion-like particle, f* = 12 TeV ™

inelastic dark matter model, y =107% an = 0.1

inelastic dark matter model, y =107, ax=0.1

dark Higgs model, g, = 0.25, gow = 1,6 =0.01, m, = 200 GeV, m;. = 700 GeV

TXTXIXIIIXIIIIIXIXIXIIIIXX
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DU 002-008Tel OMS-PAS-EX0-20-010 (2 displaced i+ ™)
[ 016=0/352 TeVl CMS-PAS-EX0-21-012 (1f +2j+pP™, 20 +p7™)

Fermions

RPV stop to 4 quarks N T 008=052 TeV] 1808 03124 2; 4j)
RPV squark to 4 quarks N 0 =072 e 1806.01 058 (2j)
RPV gluino to 4 quarks ] O TS TV 1806.01 058 (2j)
RPV gluinos to 3 quarks ] —1810.10092 16j)
ADD (jj) HLZ, nepo =3 N 1803.08030 (2j)
ADD {yy.tO) HLZ, nep =3 N 1812.10443 (2y, 21)
ADD Gyx emission, fie = 2 M 2107.13021{ = 1j+ p7*™=}
ADD QBH {j}, ne =6 M 180308030 {2j)
ADD QBH {ep), neo =4 N 2205.06709 (ep)
ADD QBH (eT), meo =4 N 220506709 (et}
ADD QBH {ut), neo =4 M 2205.06709 {uv)
ADD QBH {yj}. neo =6 N 2SS Te OMS-PAS-EX0-20-012 (y +j)
RS Goclt), kiMa = 0.1 M 2103.02708 {21}
RS Guxlyy). kiMa =01 N 1809.00327 {2y}
RS Gulqq. gg). kiMp =0.1 N T 05=26Te 1911.03947 (2j}
RS QBH (j). nm=1 M 1803.08030 {2j)
RS QBH {yj). neo =1 N 2S5 TeY CMS-PAS-EX0-20-012 (y +j)
non-rotating BH, Mo = 4 TeV, neo = 6 M 180506013 { = 7jit, y)}
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excied light quark (ag), A=m; u O ETEY 191103947 (2])
excited light quark (ay). o= f=f =L.A=m; ! ILESITY| CMS-PAS-£X0-20-012 (y +1)
excited b quark, fs=f=f=1LA=m/ M ISaRTEY CMS-PAS-EX0-20-012 fy +j)
excited electron, fo=f=f'=1A=m, N 0 5=3 0T 1811.03052 (y + 2e)
exctedmuon, f;= f=F'= LA=m; r O 25 BTe 61103052y + 20)
WMSM, |V |*=1.0, [Viu|*=1.0 N 1 i i 0.001-124 TeV 1802.02965; 1806.10905 (3p; = 1j+2p)
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Z,, narrow resenance, £ =4 x 1077 (30% C.L) N [1011-02 TeV 1912.04776 (2}
Zo, narrow resonance, £ =7 x 1077 {90% C.L} M| 00011-0.0026 TeV. CMS-PAS-EX0-21-005 {2p)
Zo, narrow resonance, £ =3 x107% (90% CL) N 0.0042=0/0079TeV  CMS-PAS-EXO-21-005 (2p)
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LRSM Wal{the), My, =0.5My, M 1811.00806 {27 + 2j}
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Selection of observed exclusion limits at 95% C.L. {theory uncertainties are not included).
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VW' searcn  B2G-20-012 |

Trigger . | |
number of b-jets jetop b-tagged jetw b-tagged label
* muons, 0 X X ROB
e glectrons, Signal-enriched regions
e photons — helps for very high energy electrons . Y X RT
e jets = +8% efficienc 1 X ! W
) 0 Y >2 v v R2B

Selections
* isolation requirements (Imini) = reduce number of leptons from hadronic decays,
 events with additional e/p discarded — reduce tt background,
e prmiss > 120 GeV — suppress QCD background,
 AK4 jets: =2 required (>300 GeV and >150 GeV):
» for top quark and W’ candidates,
» et ID with Deepdet to reduce light quark an gluon jets,
 AKS jets: =2 required:
» for loose selection,
» veto hadronic tops from SM backgrounds.

mini ZII(eI;),WlthR — 10 GeV

pX min(max(pX?,50 GeV),200 GeV)’

17 Jeremi Niedziela



VW' searcn  B2G-20-012

Regions definition
* regions: depending on which selected W’ and t jets are b-tagged,
* subregions based on:
» msp aks Of the AK8 jet with smallest AR(jetw,jetaxs). Soft-drop
declustering removes soft wide-angle radiation from a jet,

» the mass of the reconstructed top quark Miop. mg,[GeV]| | Subregion IlI:

tveto verted tt veto inverted
W+jets veto inverted

Background estimation Q\

* distribution of background extracted from data, f pD 1= |Tr= MCRI 7 i qcp )
e overall shape and normalization found from control regions, —
60 _Da
* simulation used to determine transfer functions to signal regions, DRI
. . . DD = |Tr= -MCR -(Datal -QCDI)
* function fitted: a - exp(b-mw)+c:mw+d, MCRI
 statistical uncertainty of the fit propagated to the prediction, g ; E

e some regions used to estimate systematic effects (differences in mw:
spectra due to selections, or different background composition).

Subregion |:
W+jets veto inverted

Fit Subregion

>

[GeV]

120 220/ 340 m
top, best
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VW' searcn  B2G-20-012

(13 TeV) (13 TeV)
D :I ol | I | [ bl [ [ I o | P | | | o I: D" 0.18 __II | | o | | [ [ —l [ | [ | [ | [ I [ ll_—
< %22 GCMS | —— W'3.6TeV(1%)LH = < - CMS —— W'3.6TeV(1%) RH -
021 Simulation — W'36TeV(1%) LH  — 01" Simulation — W'seTeV(1%) RH
.. 3.6TeV(10%) LH — u -y 3.6TeV(10%) RH _~
0-180~ Preliminary (10%) LR — 0.141— Preliminary (10%) RA —
016 —— W'3.6TeV(20%) LH - - —— W'3.6TeV(20%) RH -
' _ 0.12— =
0.14: —: B 7
- . 0.1— —
0.12 — - N
0.1F - 0.08 —
0.08 — 0.06 — —
0.06 _: 004: -
0.04 - - .
0.02 = 0.02 —
O | ' o o | | | - I: O_ | | | 1 1 1 1 | 1 1 1 1 | | 1 . ! | Ll 1l | Ll l—

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
m, [GeV] my, [GeV]
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V' search 55G20-012

138 b (13 TeV) 138 b (13 TeV) . 138 fo' (13 TeV) 6 138 fb! (13 TeV)
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132 10} .
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10 v Vo by U Ly VAIATRGAATZA o« oy 2 | o o |..._.% AT NI ///////%///////nzz,.
= 4 : : S —
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Events / bin
— a:n —r

-4 g gy A
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
m,; [GeV] m,; [GeV]

20 Jeremi Niedziela



V' search

' B2G-20-012

right handed W’
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V' search

' B2G-20-012

left handed W’

138 fb™" (13 TeV)
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—eavy tVW search

 B2G-20-010 |

Trigger
e >71 muon,

e > 2 glectron,

* photons

Events/TeV
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138 fo” (1
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<

e . | ! I T
= CMS
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—eavy tVW search

B2G-20-010

138 b’ (13 TeV) 138 fb' (13 TeV)
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—eavy tVW search

B2G-21-005
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—eavy tVW search

B2G-21-005
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—eavy tVV searcn “B2G-21-005

Signal/control regions

* dominant backgrounds: QCD & tt,

« QCD from data: ABCD method, several CRs, simultaneous maximum-likelihood fit with the SRs,

e tt determined from simulation:
» tt-enriched CR used to constrain the uncertainties in the tt normalization and shape of the tt background in the mwy distribution,
» W tagging requirement — t tagging requirement on AKaS jets,
» QCD background in tt CR small = taken from simulation,

* minor backgrounds from W+jets, diboson, top + W — shape from simulation, yields through nuisance paramaters in the fit.
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L OW-MASS DIMUON SCOUTING  EX0-21-005

CMS Preliminary  Scouting Triggers, 96.6 fb™" (13 TeV)
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L OW-MASS DIMUON SCOUTING  EXO0-21-005

10

o(pp— X)x BR(X— uu) x Acc.[pb]

CMS Preliminary

96.6 fb' (13 TeV)
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----Expected

L+ 1o

+ 20

107 '
2

Effect m,, <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% —
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96.6 fb™' (13 TeV)
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INELASTIC DIV ~ EX0-20-010 |

Trigger
* triggering on MET (muons too soft)

Backgrounds

* QCD (suppressed with Njets < 2 requirement)
e top (suppressed by b-jets veto)

e W+jets
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- A=0.1m, g = A=04m, =" g
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DARK HIGGS

 EXO-21-012
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DARK HIGGS

EXO-21-012
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DA%K H‘GGS  EXO-21-012

Signal/control regions
e normalization of background from observed CRs.
* main backgrounds:
» WW & DY (di-leptonic channel),
» WHjets (semi-leptonic channel),
» tW & tt (both),
* one independent CR for each process:
» tW and tt enriched region — reversing requirement on the number of b-tagged jets,
» W+W- — reversing the ARi: ARy > 2.5,
» Drell-Yan — inverting the mymilpTmiss; mymi,pTmiss <50GeV,
» W + jets = inverting the mj: mj < 65 GeV or mjj > 105 GeV,
* yields in CRs fitted simultaneously with SRs, background normalizations float freely.
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INELASTIC DMV

e first search for inelastic DM at a hadron collider
» >2 DM states x1 & xo + dark photon A’ with € mixing
e small A =m2-m1 e [10, 40%] mq:

» long lived (easier to distinguish from backgrounds)
» low selection efficiency (even 10-4for low mass/large displacement)
» large predicted cross sections (=a few fb)
» low pr, low AR muons
e prmiss collimated with displaced muons

Analysis detalls

e pbackgrounds: QCD, single top, W+jets

* signal regions: depending on di-muon displacement
* control region: >2 jets

e cosmic muons rejected by AR < 0.9
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Search for inelastic dark matter in events with two

displaced muons and missing transverse momentum [ EXO-20-010 J

(13 TeV)
S I cms | | 1 Specialized displaced standalone (dSA) muon reconstruction
(3 — Simulation Preliminary .
% B —+— Standard reconstruction i * muon SyStem Only!
c 12— -
g | -t Displacedreconstruction 1o 5OgmMjc MuUoONS algorithm for track seeding,
s e+ 1 -« efficient for large displacement, up to a few meters,
e [ —— _ . -
5 08l . + - * small displacement muons replaced by standard PF algorithm,
s + e - . . .
sl . 1+ signal regions defined by number of dSA muons replaced by PF muons.
E A" =y (X, = %, 1w W) + E
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* data consistent with the SM prediction, T Y 1 Z10°g
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