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BSM physics
* Despite its spectacular success, the Standard Model (SM) of elementary particles 1s believed to be

only an effective low-energy theory

» Unexplained phenomena: gravity, dark matter, dark energy, neutrino masses, matter-antimatter
asymmetry

» Unsolved theoretical problems: mass hierarchy, strong CP problem, quantum triviality, large
number of free parameters
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BSM physics

« Despite its spectacular success, the Standard Model (SM) of elementary particles 1s believed to be
only an effective low-energy theory

» Unexplained phenomena: gravity, dark matter, dark energy, neutrino masses, matter-antimatter
asymmetry

» Unsolved theoretical problems: mass hierarchy, strong CP problem, quantum triviality, large
number of free parameters

 Many Beyond the Standard Model (BSM) proposals address imperfections of the SM

» SM extensions: supersymmetry, extended gauge or scalar sector, new fermions, axions,
compositeness

» New frameworks: extra dimensions, GUTs, strings, M-theory

e CMS 1s pursuing an intensive program of BSM physics searches since the start of LHC operations

» The large dataset collected with CMS during Run 2 offers exciting opportunities to extend this
program to more complex signatures and larger regions of the parameter space
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Jets and photons
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SUS-19-001

Sensitive to minimal extension of
MSSM with a scalar singlet S and 1ts
super-partner S (singlino)

GMSB scenario (G as LSP)

| mg — mg| small = no MET
requirement (“stealth” SUSY)

Extension of similar Run 1 search

Stealth SUSY in diphoton+jets final states

mg = 100 GeV, mgq = 90 GeV

SUSY2023 Conference, Southampton 3
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SUS-19-001 Stealth SUSY in diphoton+jets final states

Sensitive to minimal extension of
MSSM with a scalar singlet S and its
super-partner S (singlino)

GMSB scenario (G as LSP)

| mg — mg | small = no MET
requirement (“stealth” SUSY)

Extension of similar Run 1 search mg = 100 GeV, mg =90 GeV
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Most stringent limits on these models
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Dijet resonance pairs

First search for resonant production of dijet resonances

Empirical QCD background functions and simulated P Jet

shapes of resonance signals are fit to observed my; and X Tet
. 0 ° . . — . . Y
my,; distributions in bins of @ = M,;/my; to eliminate
. X Jet
correlations

p Jet

Diquark benchmark model
uu = S = yy — (ug)(ug)
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EXO-21-010

p Jet

\ X Jet
/ X Jet

p Jet

RPV SUSY benchmark model
pp — Tt* — (ds)(ds)
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Dijet resonance pairs
First search for resonant production of dijet resonances

EXO-21-010

p Jet

\ X Jet
/ % Jet

p Jet

RPV SUSY benchmark model

pp — Tt* — (dS)(ds)

2 events with my; = 8 TeV and average m,; = 2 TeV

“e10° when interpreted as a (my;, my;) = (8.6,2.15) TeV
resonance signal — more data needed

138 fb” (13 TeV)

. CMS XX = (i) )

—
<

—
<
N

95% CL Limits
—e— Observed ,
B Expected = 1s.d.
....... Expected = 2 s.d. ]

S Top squark: T t* — (d §)(ds) |

RPV coupling %, ,, B(ds)=1—=

N
R IR T R N N SN S N A R |

5 1 15 2 25 3

Empirical QCD background functions and simulated b et
shapes of resonance signals are fit to observed my; and X Jet
. . . . . —_— . . Y
my,; distributions in bins of @ = M,;/my; to eliminate
. X Jet
correlations
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First search for high-mass narrow
resonances into 3 resolved jets at LHC

« Employ standard dijet resonance search
techniques

« Use 2016 data up to my; = 2 TeV and

due to higher trigger thresholds in
2017-2018

o Interpret the results in the context of

Zr — ggg, Gk — @(gg)g, and
q* = V(qq)q

138 fb (13 TeV)
*qa) ] CMS —3%— Data Zr—999
& 10°E Preliminary — Datafitfax;3) —— 2.0TeV

[ Fit unc. 68% CL

;
4_
2F ¢
0

St 4 .x+1¢+m
P T

| “}41”“ Jh _;
P
2 3 4 5 6 7 8910
my;[TeV]
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Trijet resonances

EXO-22-008
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Trijet resonances EX0-22-008

First search for high-mass resonances

into 3 resolved jets at the LHC pm =Mm,/mg _ or my/mg.
.. -1 138 b (13 TeV
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Heavy object taggers
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SUS-20-002 Top squarks “in the corridor”
t b

« Combination of previous searches in final
states with 0, 1, 2 leptons + new search 1n the
“corridor”™* (mg, — myy ~ m,), with opposite-
sign dilepton final states, kinematically very

similar to SM tt events

 Employ a DNN to discriminate signal in the
corridor from SM tt events

 Explore alternative model gg — tt yy with a
DM spinor x (m, = 1 GeV) and a (pseudo)

scalar mediator ¢ (a) with couplings
gsm = Epm = 1 to both visible (t) and dark ()
sectors

< 30 GeV

* Defined with boundaries Amg,, = | Am (T, 7)) — m,
and myp < 275 GeV, assuming m; = 175 GeV
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SUS-20-002 Top squarks “in the corridor”
t b

b
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Exclude DM model for mediator masses up to 420 GeV
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B2G-20-009 VV / VH resonances in all-jets final states q

 Search sensitive to resonances with mass >
1.3 TeV, decaying to highly boosted bosons
identified as fat jets with the DeepAKS tagger

» 3D fit of signal and background templates to
data in (m;;, m;; , my,) space reconstructed
from the lepton and MET

SUSY2023 Conference, Southampton
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g

bulk graviton

q
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le]

heavy vector triplet a
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Events / 100 GeV

B2G-20-009 VV / VH resonances in all-jets final states q

. e . q
Search sensitive to resonances with mass > E b
1.3 TeV, decaying to highly boosted bosons . BN .
identified as fat jets with the DeepAKS tagger W(z)
q N W q
3D fit of signal and background templates to ) )
. q q
data in (m;;, m;; , my,) space reconstructed bl . 4 N .
u raviton eavy vector triplet =
from the lepton and MET 8 Y P a
10 prrrreprrre e S8 (13 TeV) 10 e S8 1 (13 TeV)
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B2G-20-001  WWW resonances in semi-leptonic final states

 First search for massive resonances decaying to 3 highly boosted W

bosons in cascade through Wy — WR and R - WW @
V@
« W bosons identified as fat jets of 2 or 4 partons, with one boson M ”
decaying leptonically LW q
-
 Substructure of fat jets analysed using the DeepAKS tagger into w
resolved and merged R - WW decays ot a )

e Results combined with analysis of fully hadronic states (B2G-21-002)

SUSY2023 Conference, Southampton 8
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B2G-20-001  WWW resonances in semi-leptonic final states

First search for massive resonances decaying to 3 highly boosted W

bosons in cascade through Wi — WR and R > WW A Al
W bosons identified as fat jets of 2 or 4 partons, with one boson
decaying leptonically .
Substructure of fat jets analysed using the DeepAKS tagger into w \N’
resolved and merged R — WW decays ot q ) Jet ¢
a'()
Results combined with analysis of fully hadronic states (B2G-21-002)
. CcMms | | | 138 fb”" (13 TeV)
> | pp — W, — WR — WWW
= 3.5Li Expected = 10, 00, (COMbined)
ED: | — Observed limit (combined) 402
3 :_= = Expected = 10, cimen (1-1€P) .
[ = Observed limit (1-lep) 7]

Data excess around my;;, = 3.5 TeV in SR6 = weaker el
than expected observed limit for the resolved signal

95% CL upper limit on ¢ B (pb)

The novel radion 1dentification and calibration techniques 1.5}
are also applicable to boosted H decays )

! |III|IIlllIllIIlIIIlIIIlIIIlIIIllIIllIIlIIIlI
1
At

15 2 25 3 3.5 4 45 5
My, (TeV)

Kl
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Electrons and muons
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SUS-19-012

mz = X Myg + (1 —X) my
x = 0.5 = identical ¢ spectra
x = 0.05 or 0.95 = one £ soft

p

Search optimized in event categories with 2, 3, 4 leptons based on sign and flavour

>0

X2 .

~:|:"'

X1

Multi-leptons

'--:/_../f

14

X

>0

b

>0

X2

X1

>0

X1

~O te

X1

Sensitive to mass-degenerate wino- or higgsino-like chargino-neutralino and to neutralino-neutralino

(GMSB) production

SUSY2023 Conference, Southampton
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SUS-19-012

mz = X Myg + (1 —X) my

x = 0.5 = identical ¢ spectra
x = 0.05 or 0.95 = one £ soft

p

>0

X2 .-

~:i:"'

X1

Multi-leptons

iR
!
~ ‘_‘X
: _V__.'\ ! p
.\ v

>0

X2

X1

Search optimized in event categories with 2, 3, 4 leptons based on sign and flavour

Sensitive to mass-degenerate wino- or higgsino-like chargino-neutralino and to neutralino-neutralino

Cross section (pb)

(GMSB) production
» CMS 137 fb' (13 TeV)
PP = %X =T %y + Xy > 22 G GX,,
10° BR(X—>ZG) 1, m ~ M. ~m,, m =1GeV
s===m Expected =+ 1 oexpenmem === NLO+NLL excl.
10%| = Expected = 2 0, o iment —— Observed
------ JHEP03(2018)166 obs.
10
1
107"
102
10_3_ 1 | 1 | 1 | 1 | 1 | 1 | 1 | \;:::i:::::*\
100 200 300 400 500 600 700 800 900
m~o [GeV]
°
°
°
°
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1400p="

CMS 137 fb (13 TeV)
pp—>xx g1 BR(;‘( - ||) 1) rrL 095an+oo5m 5
—— Observed = 10y, (NN) NLO+NLL excl. i
L === Expected = 10,00 (NN) = Expected (SR) ]
‘_— JHEP03(2018)166 obs. ]

1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I 1 l 1 ‘lll

200 400 600 800 1000 1200 1400
m.=ms (GeV)

X2

Exclude mg. < 1450 GeV in 3¢ events using parametric NN
Exclude mg. < 970 GeV in 31 events for right-handed sleptons

102

10

107"

95% CL Upper limit on cross section (fb)

95% CL Upper limit on cross section (fb)

H H
7 7
7 7
7 7
.,/ %0 ‘/
Ce >0 .o
e W D ~0 e G
‘\\\ X3 ‘\\\
W+ Z
CMS 137 b (13 TeV)
—~ 600 T T T T T T T T —F
% pp—>xx WZ‘M | s
S i EObserved 1 Gipoory (NN) - NLO+NLL excl. =
= = Expected = 10, qimen (NN) = Expected (SR) .
B —JHEP03(2018)166 obs. 1
400 < —]
| = 10?
200 — — 10
! | ! ! | H ! . _|. 1
200 400 600 800
m.. = m_, (GeV)
% X,

Most stringent 777, production

Exclude my. < 650 (250) GeV in events with WZ (WH) pair in final state
Exclude My < 600 GeV in events with Z or H bosons in final state

My gp ~ My
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SUS-18-004 Soft opposite-sign leptons

 Search sensitive to compressed mass spectra in
electroweakino and stop pair production

« Include 3¢ final state w.r.t. previous iteration of the
analysis by CMS (2016 data)

« Require 2 or 3 e (1) in the event with 5
(3.5) <pr <30 GeV, including one OS pair

o Search variables: m, in electroweakino
production and p% _in T production

SUSY2023 Conference, Southampton 10
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SUS-18-004 Soft opposite-sign leptons

Z . .
. , ¥1 = bino = higgsino  Z
 Search sensitive to compressed mass spectra in > 2 / . . {r/
. . . L L@ X ’
electroweakino and stop pair production 1 Yo X
o Include 3¢ final state w.r.t. previous iteration of the v
analysis by CMS (2016 data) My, = (mjy— my) /2
* Require 2 or 3 ¢ (p) in the event with 5 b
(3.5) <pr <30 GeV, including one OS pair > o /,.4{“ V‘:
- X1 X
o Search variables: m, in electroweakino ) DSOS Y
. f . ~ . ’El ..... .\-‘. W_
production and pr. .. in t production
b
CMS 129-137 fb™' (13 TeV) CMS 129-137 fb™' (13 TeV) CMS 129-137 fb' (13 TeV)
% 60| PP = %; X - WZX X (Wino/Bino) %' 50 pp X X X X my-=(m;e+my2)/2 (Higgsino simplified) % 90| PP -TiT— bffi? (T2bff)
G, rmz x m;( >0 NLO NLL exclusion O 45 o x m;C <0 NLO NLL exclu3|on O, NLO-NLL exclusion
SN — Expected = 10, erment = Observed = 1o, SRS — Expected = +1o, .~ = Observed =10, T 80 = Expected = 10,qimen . = Observedx10, .,
OQ;N 50 10 OQ;N 10 ZE: o
s E E

—_
—_

—
<
—
<Q

95% CL upper limit on the cross section [pb]
95% CL upper limit on the cross section [pb]
95% CL upper limit on the cross section [pb]

100 120 140 160 180 200 220 240 260 280 300 100 120 140 160 180 200 220 240

500 550 600 650
m-=my» [GeV] mys [GeV] m; [GeV]

= 10 GeV (wino-bino)

« Exclude myg, 5= <275 GeV for Am = myy — myy =

« Exclude myy, 5+ < 205 (150) GeV for Am = 7.5 (3) GeV (higgsino)

« Exclude m; < 540 (480) GeV for Am = 30 GeV in 4-body decays
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EXO-21-005

Dimuon resonances

Search for prompt narrow resonances in the
range [1.1,2.6] U [4.2,7.9] GeV decaying

to a pair of muons

Use scouting data collected during 2017-2018

Select muons with MVA improving sensitivity

Interpret the results model-independently and
in the context of minimal dark photon and

2HDM + scalar models

w

«10° CMS Preliminary  61.3" (13 Tev)

Signal + Background Fit
Background Only Fit

° Data (2018)

Events / 0.003 GeV
N
o

Pull
N O N
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EXO-21-005

Search for prompt narrow resonances in the
range [1.1,2.6] U [4.2,7.9] GeV decaying

to a pair of muons
Use scouting data collected during 2017-2018
Select muons with MVA improving sensitivity

Interpret the results model-independently and
in the context of minimal dark photon and
2HDM + scalar models

«10° CMS Preliminary  61.3" (13 Tev)

———— Signal + Background Fit
Background Only Fit

° Data (2018)

Events / 0.003 GeV

Pull
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Dimuon resonances

10 CMS Preliminary 96.6 b (13 TeV) CMS Preliminary 96.6 fb™' (13 TeV)
o E o C
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2 ----Expected 2 1E ----Expected
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10—8 | ! | | ! ! ! | ! | ! I | I | I
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sin(eH)

BaBar

96.6 fb~! (13 TeV)

cus Type IV 2HDM+S model
tanp=0.5 E
L | L | | ! ! | P I
2 3 4 5 6 7
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Tau leptons
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B2G-21-004 Vector-like lepton pair production

q L q N
V/Z wr
- : .. q L q E
 Search sensitive to VLL pair production in the
“4321” model SU(4) X SU3)'x SU2); x U(1)’ a3 q3
. . . U ls U ls
 Possibly explains flavour-nonuniversal results
while respecting results in agreement with SM E : N .

« VLLs are non-chiral and decay via leptoquarks U to 2 quarks and 1 lepton, predominantly in 3rd generation to
explain B-physics anomalies
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B2G-21-004 Vector-like lepton pair production

q L
/2
Search sensitive to VLL pair production in the ! L
“4321” model SU(4) X SU3)'x SU2); x U(1)’ a3
. . . U 0
Possibly explains flavour-nonuniversal results 3
while respecting results in agreement with SM E :

=]

N
W+
E
qs
U b

VLLs are non-chiral and decay via leptoquarks U to 2 quarks and 1 lepton, predominantly in 3rd generation to

explain B-physics anomalies

96.5 fb™' (13 TeV)
IIII|IIII|II

Focusing on fully hadronic final states: b-jets and hadronic tau’s,
identified using DeepJets and DeepTau taggers, respectively

Event selection using DNNpp and DNN; for signal discrimination

from the dominant QCD (0-t channel) and tt background (1-t and 2-t
channels), respectively

Observed data show consistent excesses in highest DNN; bins for

both 1-t and 2-t channels = 2.8 ¢ excess at representative VLL
mass of 600 GeV

Tests show the results hold when including Z' production of VLL pairs =

L
- Asymptotic 95% CL_expected |
B = 1 std. deviation

+ 2 std. deviation

e Observed 95% CL
— Electroweak production
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EX0-22-018 Lepto-quarks coupling to T leptons

» Select final states with a jet, significant
MET, and a hadronic or leptonic t lepton

 Search for leptoquark decays to bt and qr,
where q=u,d, s

£
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EXO-22-018

» Select final states with a jet, significant
MET, and a hadronic or leptonic t lepton

 Search for leptoquark decays to bt and qr,

where q=u,d, s

~
N
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Lepto-quarks coupling to T leptons

Coupling strength A, _
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Unconventional signatures
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SUS-21-006 Long-lived charginos as disappearing tracks

N ﬂi)(? with Amﬁ%? <1 GeV = /b /t
CT)(li ad O(l Cm) - O(l m) p ,’;tvl”” %TO’/W%? p ,’131”,, Sd_o’/ @
. . T~ Xt TTeel X
« BDT-based selection of short (pixel-only ? i ‘\ y by \

hits) and long (pixel+strips) disappearing i _
tracks (DTk) associated with e, p, jets

Z T*
7 Ve 7'('i
d d
~0 7 ~+ 7 7
P X2 «. ... ~0 P X1 o .. =0 — pad
X1 . X1 p X1 ¢ ... ~0
o - X1
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SUS-21-006 Long-lived charginos as disappearing tracks

¢z ~ O(1 cm) — O(1 m) N e N T
 BDT-based selection of short (pixel-only * I \‘\\“'”” ooy %I\\\Mw k
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tracks (DTk) associated with e, L, jets
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Inelastic dark matter with displaced muon pair signature

First dedicated collider search for IDM m, =3m, A=m,—m, "

« 2 nearly mass-degenerate DM states y; and y, couple to a dark
photon A’ kinetically mixed with SM hyperchagre = accounts for

/ A
) A X2 B
thermal relic abundance \ \ 10
X1 X1

« For small A, y, travels a measurable distance before decay et

"%

« Extend sensitivity in DM mass of < 1 GeV, from re-interpretation
of previous results, into the range of 3 — 80 GeV

EXO-20-010
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First dedicated collider search for IDM

Muon reconstruction efficiency

—_
N

o

o

o
N

o
N

Inelastic dark matter with displaced muon pair signature

my=3m; A=m,—m -

2 nearly mass-degenerate DM states y; and y, couple to a dark
photon A’ kinetically mixed with SM hyperchagre = accounts for

: A X2
thermal relic abundance \ \ Il
X1 X

For small A, y, travels a measurable distance before decay et |

A

Extend sensitivity in DM mass of < 1 GeV, from re-interpretation

of previous results, into the range of 3 — 80 GeV EX0O-20-010

2 muons reconstructed with special displaced standalone algorithm (DSA) using only information from the
muon detectors and not requiring muons to originate from the interaction point

Resonant enhancement in the exclusion limit from mixing between A’ and Z when m,, &~ m
g A Z

T T T T T TTT I T T T T T TTT I T T T T T TTT CMS 1 38 fb-1 (1 3 TeV) CMS 1 38 fb-1 (1 3 TeV)
" CMS 1 = 10 =5 x 10 =
— ) Standard reconstruction | < A=0.1m, =" < A=0.4m, 2
~ Simulation N E St _ — _ —_ E ey _ — _ —_
I~ Displaced reconstruction 1 ~ EXpeCted (aD = olEM) Observed (Q'D = O'EM) Ii ~ EXpeCTed (("D = O'EM) Observed (GD = aEM) l Ii
B N g | Expected (o, =0.1) —— Observed (a, = 0.1) 1 w5 E o Expected (a, = 0.1) —— Observed (a, = 0.1) 1 =
IR by i ;Eu x“;;m o
8- ” 5 ERER b l«v
] 40X 1
i . 3| 1 075 o 107 5
i 5| 5 > = 10 3
61~ @ S S ] 107/ =< <
IR 02 ] 02 ]
-, o ox et ) w| g I < <
. m, =50 GeV . | § ] " | 101 |
- A/m,=40% | E_L| ] 10 10° § - 10° 8
— Mix of ct (x,): | S - o - 3
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Muon transverse production distance v, [cm] m, [GeV] m, [GeV]
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EX0-19-006 Fractionally charged particles

Adding a hidden U(1) gauge field in the hypercharge portal scenario coupled to a new heavy Dirac fermion,
kinetic mixing between SM and new gauge field leads to the new fermion acquiring a fractional charge Q = e

Measure track ionisation loss ( « Q?) in the tracker assuming DY-like produced FCP pairs

& [80,100] GeV

Search region: 1 track or 2 tracks with m i,

Control region: 2 tracks with m__.. € [80, 100] GeV (dominated by Z boson candidates)

pair

Count number of tracks in bins of low-dE/dx hits distribution
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EXO-19-006

Fractionally charged particles

Adding a hidden U(1) gauge field in the hypercharge portal scenario coupled to a new heavy Dirac fermion,
kinetic mixing between SM and new gauge field leads to the new fermion acquiring a fractional charge Q = e

Measure track ionisation loss ( « Q?) in the tracker assuming DY-like produced FCP pairs

Search region: 1 track or 2 tracks with m

Control region: 2 tracks with m ;.

& [80,100] GeV

pair

Count number of tracks in bins of low-dE/dx hits distribution
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e [80, 100] GeV (dominated by Z boson candidates)

Exclude masses up to 636 GeV for Q = (2/3)e

138 fb" (13 TeV
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Upper limits at 95% CL
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Long-lived particle decays producing muon showers

o Thick shielding (12-27 y,,4) of CMS allows for using muon chambers as calorimeters P 5/¥ , ///
e Search for clusters of > 50 hits within AR = 0.2 in the muon chambers - 3"//
o Interpret results in the context of 2 benchmark models: H \\‘\\ .
» H — SS with S — bb, dd, KK, 77, 77, ee, 77 and mg € [0.4,55] GeV P S/ s
» H - YWY with ¥ — dark LLP - SMP and my;p € [2,20] GeV first time at LHC EXO-21-008

Sensitive to a broad range of LLP decay modes,
reaching m;;p < 1 GeV and cz € [l mm, 10 m]
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Long-lived particle decays producing muon showers

. . . . . v
 Thick shielding (12-27 y,,4) of CMS allows for using muon chambers as calorimeters P S/ ‘Y/’
4
« Search for clusters of > 50 hits within AR = 0.2 in the muon chambers P
: H
* Interpret results in the context of 2 benchmark models: Ve .
— — A
» H - SS with S — bb, dd, KK, 77, 77, ee, 77 and mg € [0.4,55] GeV P S/ s
» H—-> YY¥ with ¥ — dark LLP - SMP and m;;» € [2,20] GeV first time at LHC
LLP EXO-21-008
Sensitive to a broad range of LLP decay modes, CMS Prefiminary 138 167 (13 TeV)
. |§: 15 R\ T AL rorTTTTy
reaching my;p < 1 GeV and cz € [ mm, 10 m] z
1
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Combinations
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SUS-21-008  Combination of electroweak SUSY searches

 Combine exclusion limits from all searches for electroweakino and >
slepton production with the full Run 2 sample ;o / y

e Include limits on -
- gaugino-like chargino-neutralino production P FoTrel X4
- higgsino-like neutralino pair production in a GMSB scenario \
- higgsino-bino interpretation
- slepton pair production

» Added interpretation of soft opposite-sign dilepton analysis with a slepton pair production model
First search of slepton pair production in the compressed mass scenario
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SUS-21-008

 Combine exclusion limits from all searches for electroweakino and
slepton production with the full Run 2 sample

Include limits on

- gaugino-like chargino-neutralino production
- higgsino-like neutralino pair production in a GMSB scenario

- higgsino-bino interpretation

- slepton pair production

Combination of electroweak SUSY searches

» Added interpretation of soft opposite-sign dilepton analysis with a slepton pair production model
First search of slepton pair production in the compressed mass scenario
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SUS-21-008

Chargino-neutralino production:

o Exclude M. < 875, 990, 875 GeV
with My < 50 GeV in the WZ, WH,
and mixed final state

* Extend previous CMS limits by 225,
510, and 340 GeV, respectively

Neutralino pair production:

* For nearly massless LSP, exclude
my Sp < 750 GeV independently of
% (7

— HG)
* Extend previous CMS limit by 100 GeV
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https://cds.cern.ch/record/2853345

Further reading:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS/index.html

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G/index.html
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G/index.html

Conclusions: the way ahead

* (reat progress in BSM searches achieved by CMS using the Run 2 sample
» Many models tested, excluded regions of parameter space significantly extended

» Hints for possible new physics signs, e€.g. in searches for dijet resonance pairs and of vector-
like lepton pairs, need more data to be resolved
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* Where to look for BSM next

» Difficult topologies (e.g.: top squark decays in the “corridor”)
» Very narrow phase space (e.g.: soft opposite-sign lepton analysis)
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» Many models tested, excluded regions of parameter space significantly extended

» Hints for possible new physics signs, e€.g. in searches for dijet resonance pairs and of vector-
like lepton pairs, need more data to be resolved

Where to look for BSM next
» Difficult topologies (e.g.: top squark decays in the “corridor”)
» Very narrow phase space (e.g.: soft opposite-sign lepton analysis)

» Unconventional signatures (e.g.: disappearing or low-dE/dx tracks, displaced u’s, u-showers)

Double data sample from LHC Run 3 will improve sensitivity

High-Luminosity LHC: a whole new era of searches, with sample size, detector & trigger
technology, and analysis power advanced to a substantially higher level
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Dijet resonance pairs: the two outlier events

Dijet Pair 1:
pt = 3.49 TeV
mass = 1.88 TeV

PF Jet 3,

pt =1.733 TeV

eta =0.21
phi = 2.45

CMS Experiment at LHC, CERN
Data recorded: Sat Oct 28 12:41:12 2017 EEST
Run/Event: 305814 / 971086788

Lumi section: 610

C

PF Jet 4,
pt=
eta=-1.23 /
phi=-1.23

0.659 TeV /

Dijet Pair 1:
pt = 3.07 TeV

mass = 2.00 TeV

SUSY2023 Conference, Southampton

PF Jet 2,
pt = 2.042 TeV
eta = 0.29

phi =-1.27

PF Jet 3,

eta =-0.07
! phi = 2.97

pt=1.451 TeV

20

PF Jet 1,

eta = -0.11
phi = -0.25

PF Jet 1,
pt=2.218 TeV

PF Jet 4,
pt = 1.408 TeV
eta =-0.74

phi = -1.17

Dijet Pair 2:

pt = 3.45 TeV
mass = 1.86 TeV

Dijet Pair 2:
pt = 2.82 TeV

mass = 2.10 TeV

pt = 2.654 TeV

PF Jet 2,

pt = 1.520 TeV
eta=1.10

phi = 2.33

CMS Experiment at LHC, CERN
Data recorded: Sat May 5 08:54:14 2018 EEST
Run/Event: 315721 / 200841184

Lumi section: 151
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