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The CMS Detector

CMS DETECTOR STEEL RETURN YOKE

Total weight + 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overalllength ~ :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field 38T

SUPERCONDUCTING SOLENOID
Niobiu titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PEWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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What do we search for?

@ Depending on the signal model, we search for different combinations of
leptons, photons, jets and, b-jets.

@ We also use characteristics of each event to discriminate possible
signals from SM processes: displaced vertices, missing transverse
momentum (energy) ET'sS, etc.

@ In addition, we reconstruct observables based on the topology of the
signal process under study: Hr, mr, ar etc.

X number of leptons and
or photons e U T 14

Veto jets (j) and/or b-jets (b) H :
and/or select nj or nb jets OJ n| 0b nb

Use some observables based ;
miss
on the topology of the event ET H T Qr
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What do we search for?

@ As a general rule of thumb, we search for an enhancement of events
with respect to the expected background processes from the SM.

@ If there is agreement between the background expectation and the
observed data, limits are set at 95% CL on the production cross section
of such models.

Example 1 of a final state Example 2 of a final state Example 3 of a final state

XX XXX XXX
Koo X XXX XXX
o [ XX XXX [ XX
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M, Dijet Pair 1:
— | pt=349Tev
mass = 1.68 TeV

CMS Experiment at LHC, CERN

Data recorded: Sat Oct 28 12:41:12 2017 EEST
Run/Event: 305814 ( 971086788

Lumi section: 610

PF Jet 2,

pt=2042TeV
ela=029

phi=-1.27

PF Jet 1,
pl=2218 TeV
ela=027
phi=147

Dijet Pair 2:
pt=345TeV
mass = 1.86 TeV




Resonant and Non-Resonant
Production of New Particles




Search for new heavy resonances decaying to WW,
WZ, 77, WH, or ZH pairs in all-jets final states -
Submitted to Phys. Lett. B

Resonances decaying to a VV or VH boson pair with masses above
1.3 TeV, using 138 b~ of luminosity and /s = 13 TeV

VBF produced Z’ and
W’ decaying to WW
and W7

gg produced graviton
or radion decaying to
WW or ZZ

qq produced 7’
decaying to HZ

Andrés Flérez December 6, 2022 5/38


https://arxiv.org/abs/2210.00043
https://arxiv.org/abs/2210.00043
https://arxiv.org/abs/2210.00043

Analysis details

@ Each boson decay is clustered as a single large-radius jet.

@ We search for two large-radius jets (R = 0.8) with pr > 200 GeV
and |n| < 2.5. For VBF production two additional jets (R = 0.4) are
considered (pr > 30 GeV, || < 5.0, and |An*K4| > 4.5).

138 fb™ (13 TeV) 138 fb™ (13 TeV)

> 10°g T T T E > 10°g T T T E
(7} E CMS —4- Data — Background fit 3 [} E CMS —+ Data — Background fit 3
O 105 + 10 unc. ---- Multijet - O 105F + 15 unc. - Multijlet 1
=] E DY/ggF VH HPHP cat. . & - Wets 3 =3 E DY/ggF VV HPHP cat. . --- WHets 3
= 10%E65<m) <105GeV ---Zijets E = 10% 65 <my <105GeV ---Zijets =
2 10° ;,ss <M <105 Gev LIW (B TeV) ~ W2 (1) ] % 10° [ 65 < mis < 105 Gev Ew @ Tev) ~ Wz (1) ,
s B s i
o 102k 4 W 102E" E
10 4 10 E
L I
10—1 £ L \: 10—1 £ It i
- —r—r 777 . A A R
E| . 2 4 %5 2@ + E
S5 Ol 4 SLF ot ++++++ +
T° _oHt 4 3P 2k 4 ;
C | | 1 | I} C | | 1 | i}

2 3 4 2 3 4

5 6 5 6
mi<e [GeV] miee [GeV]

@ DY /geF VH: Excess of data events in the 1.7-3.2 TeV range.
@ DY /geF VV: Excess of data events in the 2.0-3.0 TeV range.
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95% CL upper limits

@ A maximum local significance of 3.6 o is observed at masses of
2.1 and 2.9 TeV under the W — WZ hypothesis.

@ The excess remains above 20 when increasing the V+jets and tt
BKG uncertainties or using a looser (10%) qq tagger.

@ With the look-elsewhere effect, the global significance is 2.30.

10 e 38 1 (13 TeV)
T [cwms Observed o Kaluza—Klein bulk graviton:
= 1 R expected + 1 std. deviation .
2 = Expected + 2 std. deviation o §p|n-2 boson.
TélO” = o k = k%
L 10° @ k is the unknown curvature
® scale of the extra dimension.
° @ We use k = 0.5 (resonance
width smaller than detector
10 R T e e s resolution).

Ms [TeV]

bulk
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95% CL upper limits

@ Radion model: r, @ HVT model: heavy vector
compactification radius, and triplet.
AR, ultraviolet cutoff. o gv = 13021{ = 0.98, and
@ We consider: knre = 35 and o gFV; 1 cnu=1-3, and

)\R - 3 TeV. Cp = O.

138 fb™* (13 TeV)
10 R AR RRRREES

138 fb™* (13 TeV)
e e L

S U R L R 10 T T T IEEEBEBERR
g E cmMS Observed = Observed
= 1L S =xpected 1 std. deviation % 1 Expected * 1 std. deviation
; E =+ Expected # 2 std. deviation g - Expected * 2 std. deviation
T 1071; # op,x B(Rad - VV) ; - Oy X BV — VV+VH) HVT
=) S < 10
o E T
LID_’lO’QE > 102
(=2} E >
T, . =)
< 107 q 107
(=} £ =<
r (=]
10 E 10
P ] S O U S B BN s I poshbon b 1
15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6
Mgaq [TEV] M. [TeV]
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Search for narrow resonances in the b-tagged dijet
mass spectrum - Accepted in Phys. Rev. D

@ Two benchmark scenarios
(narrow resonances):
Q 7Z:q4—72 —bb
@ Excited b (b*): Single b* and
contact interaction qg — b*b
@ Events divided into categories:

@ b*: Atleastone b jetis
required.
Q@ 7’': 3 categories: 2b, 1b, & L.
@ u category: Neither jet passes
the b tag selection, but at least
one jet contains a u. This
enriches heavy-flavor jets,
mitigating the loss of signal
due to b tagging efficiency.

Andrés Flérez

ZI

December 6, 2022 9/38


https://arxiv.org/abs/2205.01835
https://arxiv.org/abs/2205.01835

95% CL upper limits

@ Limits on o x B (left) and for different coupling strengths (right).
@ Model A (HVT): Coupling strengths of the HV bosons to SM
bosons and fermions are of the same order.
@ Model B (HVT): Couplings to fermions are suppressed with respect
to the couplings to bosons.

Q]
< ]
o ]

138 fb! (13 Tev)

95% CL upper limits ]
—— Observed -
------- Expected 3
I +1std. deviaton o

+2std. deviation |
HHHH SSM Z' E
#55 HVT model A (g,=1) 3
—— HVT model B (gv=3) q

Andrés Flérez

v e Lo Lo Lo L |
3000 4000 5000 6000 7000 8000

Z' mass (GeV)

N

o(b*) B(b* — bg) A (fb)

000
000

200
100

20
10

N

T PTTIT

T

e B 13 TeY
95% CL upper limits
—— Observed
------- Expected
I : 1 std. deviation

+ 2 std. deviation
--m- bg—b*
---- b*viaCl
—— Total b*

T T B DS WL FUTRT I W SR
2000 2500 3000 3500 4000 4500 5000 5500 6000

b* mass (GeV)
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Search for resonant and nonresonant production of
pairs of dijet resonances - Accepted in JHEP

@ We search for a pair of jets coming from the decay of a new
particle, X.
@ Resonant and non-resonant production is explored.

p Jet p Jet

X Jet / X Jet

p Jet p Jet

@ We consider pairs of resolved dijet resonances, X, where
both jets within each dijet resonance are individually
reconstructed.

@ The analysis is sensitive to high resonance masses.
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Analysis strategy

@ We use as production benchmark models:
@ Resonant: uu — S — XX — (ug)(ug) (S — scalar diquark).
@ Nonresonant: pp — tt* — (ds)(ds) (RPV SUSY model, B(ds) = 1).

@ Use jet trigger that plateaus at Hr > 1050 GeV.
@ The four jets with the largest pr are used to construct jet pairs.

o Additionally we require: (/m-72l) < 0.1

138 fb™ (13 TeV)
i Daa Diquark: S - x ~ (ug) (ug)
CMS P T =soray
—— ModDijet-3p fit M(S) = 2.0 TeV
- - - - Dijet-3p fit M)/M(S) = 0.25 —_
S Q@ o= Mmji/ My,
E m]: 0.22<0<0.24 f 0.24<0<0.26 P, 026<0<028 ] g/ / 41
Bop ™, T T, T T @ do/dm = poexpPt /xP
F 0'F EX" + iy + E
g o Hﬁg ‘ D{"EZ M @ do/dm = po(1 —x'/3)Pr /xP2
3 o S | L%
| 1 ! _1 e do/dm=py(1 —x)Pr/xP2
28 f Ed | I ]
R SRR X TP £ RNt @ x=m/\/s
s i 1 #FMT 1

Four-jet mass [TeV]
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95% CL upper limits

@ For the resonant case, we use the my; distribution in 13 bins of a.

@ For the nonresonant scenario, we use the my; distributiuon in 3
bins of «.

@ The fit is done simultaneously for all the bins of a.

138 b (13 TeV) 138 fb™ (13 TeV)
= Il P Y e ‘ ‘ : : :
[=3 -.CMS Y XX - GG =% CMS XX~ (i)

— S [ N

<g 107 959 CL limits E < 10 95% CL Limits

—e— Observed

X q X —e— Observed
—2 B Expected + 1s.d. _| 1
@ 1078 e Expected<2sd. 3 A 1072 B Expected = 15.d.

1 x  F Wl 0 e Expected + 2 s.d.
x 5 “el MOO/MY) =025 ] X xpecte S ]
© 10 3 e} - Top squark: T & — (d 5)(ds) ]
1073 RPV coupling A, B(ds)=17
10 ]
4
1075L -~ Diauark: S - xx - (ua)ug) 10

Y,,=04.y,=06

P AR I IV SRR R B -5 S | L
2 3 4 5 6 7 8 9 0.5 1 1.5 2 25 3

Four-jet resonance mass [TeV] Dijet resonance mass [TeV]
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Local p-values and event displays

138 b1 (13 TeV)
T T

138 bl (13 TeV) ®
= XX Gy Gy s 2 =
=1 M) / M(Y) = 0.25 =l XX @@ |, 2
= 1 2 = )/ =
S10L] g Giof” N Jo98
S ! o - 05

1072
0.9 101
107 0.5
10°
107 110t
[ _ 5x1073
10 e, 71107 10 P R B R B
2 6 7 8 10 0.5 1 1.5 2 2.5 3
Four-jet resonance mass [TeV] Dijet resonance mass [TeV]
138 fb' (13 TeV)

C‘\B' Dijet Pai 1: = cvs
a > # Data
£\ | pt=349Tev = Lo Qcb Mc
mass = 1.88 TeV. =h o =>0.1 POWEXp-5p fit
= ‘-u,_“ — ModDijet-5p fit
g 10 -.--___-. ---. Dijet-5p fit
= ..,
= 10
1 .
1
10 Diquark: S — xx — (ug)(ug)
—— M(S) = 8.6 TeV
1 - M(S) = 5.0 TeV

MO)/M(S) = 0.25

;—lf
s
<
Dijet Pair 2 e £ ]
pt=345TeV 2 3 a 5 6 7 8
mass = 1.86 TeV' Four-jet mass [TeV]
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Search for resonant production of strongly coupled
dark matter -Published in JHEP, 06/2022

@ We consider resonant production of dark matter: qq — Z' — xx

@ Leptophobic Z’ mediator from a U(1)
broken symmetry.

@ gq ( gy) coupling to SM (dark) quarks.
@ Dark quarks form bound states called
dark hadrons (DHs), which may be

either stable or unstable.

@ Unstable DHs decay to SM quarks while stable DHs are DM
candidates.

@ This leads to collimated mixtures of visible and invisible particles
(“semivisible” jets (SVJ)).

@ We search for two jets and ps¢, aligned with one of the jets.
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Analysis strategy

@ We pre-select events with at least two high pr (pr > 200 GeV)
central jets (|| < 2.4), with mp > 1.5 TeV, Ry = (p7%/mr) > 1.5
TeV, An(Jy, J2) < 1.5, among other criteria.

ma = myy + Zp?’SS[\/m — P1,35COS(Ad33 miss)]

@ In addition, we use a BDT to improve signal-BKG rejection.

CMS simulation (13 TeV)
T T T T T
WQcD Signal (m,,,, =20 GeV,
W(lv)+jets 1, =03, o, = af) H H
1 L MZvv)siets --m, = 2.1 v ] @ QCD is the dominant BKG.
tt --m, =3.1TeV

o tt, W+jets and W+jets are
subdominant BKGs.

@ We divide the phase-space for the
search in a low and high Ry SR.

Arbitrary units

@ The my distribution is the main

L R observable to search for signal.
BDT discriminator (J; ,)
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95% CL upper limits

CMS

138 b (13 TeV)

=
Q
S

[

15)

._.
95% CL obs. upper limit on ¢ B [pb]

My [GEV]

._.
2

955/0 CL upper limits
BDT-based -
—Observed 10
— Median expected
- -68% expected
-+ 95% exp
03,

=
]

o B [pb]

138 fb™ (13 TeV)
T T

T T
95% CL upper limits BDT-based
10 = Observed (%) —Theoretical
- -Expected (o) -=-Observed (ay%)
B [W68% expected (o) Expected (aj%)
[J95% expected (o) ~Observed (a",)
My =20 GeV, 1, =0.3 --Expected (al%%,)
107
107
10°°

m,. [TeV]

@ We are able to exclude 1.5 < Z’ < 5.1 TeV, depending on the

signal parameters.

@ agark: coupling strength of the dark QCD force:

giark (Ndark) = 7/ (boIN( Quark /Naark)), bo = (1TNGE™ — 2N72™) /6
Né‘lark =2, N}gark =2, Quark = 1.0TeV

Andrés Flérez
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Search for heavy resonances and quantum black
holes in ey, er, and u7 final states - Submitted to JHEP

qd '

PO

[ Qu [ Qu
@ In this search we probe lepton flavor violation (LFV), using eu, e,
and ur final states.
@ Results are interpreted using three different scenarios:
@ 7, in RPV SUSY: Wapy = 3 \jiLiLjEx + 5 LiQDx
@ Heavy gauge 7’ bosons: SSM couplings.
@ Quantum black holes (QBHSs): Spin-0, colorless and neutral.
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95% CL upper limits

138 fb* (13 TeV)

@ The 7,, Z', and QBH samples ems T T A Y een
are generated at LO, using the ' 95% CL upper limits
o Observed

calcHEP, PYTHIA, and QBH i G856 oxpecied

30 MC 95% expected
@ The width of the Z’ is taken as

3% of its mass. LVF decays

are assumed to account for

1000 2000 3000 2000 5000 6000
o, .

10% of the total BF. m,. (GeV)

138 fb (13 TeV) 138 fb* (13 TeV)
= R RER e R T E! = L L B N AR
£ 7)\ )\7001 ] = —— ADD (n=4) ]
@ 10? Wen A=A=01 = Q 10 =
g 95% CL upper limits E X 95% CoLbupper[Ijmits 3
Observed b o serve 4
1) N Median expected - N b an xpected 2
E I 68% expected B ] ° 3
C gsn/z exgected ] 0 95% expected ;
1= = §
i ] ) ]
0 E E
: - ]
O e ) | | ANY: g
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 1077 b e 00050505000
my (GeV) m,, (GeV)
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95% CL upper limits

138 fb' (13 TeV)

AREy RA R ARR R R R

X

95% CL exclusion limits
Expected limit A = 0.07
——— Observed limit A = 0.07
Observed limit A = 0.05
Observed limit A = 0.01
Observed limit A = 0.007

sloa b a b b b a b b a b va i bowa Lo
107° 500 1000 1500 2000 2500 3000 3500 4000 4500
mg (GeV)
138 fb™* (13 TeV)
—~ S RREaa R

95% CL exclusion limits 1
Expected limit A = 0.07
—— Observed limit A = 0.07
Observed limit A = 0.05
Observed limit A = 0.01
——— Observed limit A = 0.007

qosbeilivi b b b b b Lo aa b
500 1000 1500 2000 2500 3000 3500 4000

m; (GeV)

138 fio (13 Tev)

\

IRRESRERS

95% CL exclusion limits
Expected limit A = 0.07
L —— Observed limit A = 0.07
------- Observed limit A = 0.05
— —— Observed limit A = 0.01
C Observed limit A = 0.007

[T g e SIS WA A WA WIS WS WS N N
500 1000 1500 2000 2500 3000 3500 4000 4500

mg (GeV)
138 fb (13 TeV)

95% CL upper Ilmlts
— Observed
---Median expected
[ 68% expected
95% expected

500 1000 1500 2000 2500

men (GeV)

inv
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Search for a third-generation leptoquark coupling to a
T lepton and a b quark through single, pair and
nonresonant production - CMS PAS

@ Signal samples are generated such that the LQ couples to b
quark and 7 lepton with a coupling strength \.

@ Benchmark models with scalar and vector LQs are considered.
@ For resonant production we use the SMET = pl. 1 p2 4 pl. + pimiss
@ For non-resonant production we use x = exp (2yx*), where
_ 1
yx=3ly1 = yel.
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Results

Tl Ub Tyl 210 137 fb™ (13 Te! ey, my, > 600 GeV. 137 b} (13 TeV)
> T > T T - L e
3 Ms 2o ] M L = 10'ECMS s obened  Lo2000Gev.n E
[ LRt E.ma w\q\smn 2 i it and inlo 0p — Scalr e
= Preliminary :m and g o = relminary 57 S g [ Preminay Blomn Vectornomres. 0
2 T tanes 9 &2 - 3 ¢ e ity
£ DM S, 2 kg . @ =H
g g 10k S
z . un &
10"
10 107
107 107
10 0
2 15 } 1 2 1sf T 3 g usf i 3
o .3 11 [ e Jod :
4 3 4 T - LA T ¥
2 2 2
§ ost 4 & ost 4 8 osp E
500 000 1500 2000 2500 500 000 1500 2000 2 TR0 Y 6 1820
SYET [GeV] SYET [GeV] X
137 fb ! (13 TeV) 137 fb} (13 TeV)
T T T
T o . ) reliminary Oosbved
s - Median exfiected A - Medlan expected
53 I 63% expected 8 B cpects
© 959 expected © expecied
c . c o
S s o
= = = fete=
E E
= = -
5 10 = 5 10 =
3 — e
g g
502 502
i i
I3} [}
L2107 2107
o o
§ 5
" - I I
10600~ 800 1000 1200 1400 1600 1800 2000  °" 600 800 1000 1200 1400 1600 1800 2000 2200

Leptoquark mass [GeV] Leptoquark mass [GeV]

@ The data agree with the SM expectation within 2 s.t.d for A = 1.5.

Fora LQ mass of 2 TeV and a A = 2.5, an excess with a significance of
3.4 s.t.d is observed.



Long-Lived Particles
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Search for long-lived particles decaying to a pair of
muons - Accepted in JHEP

@ We search for an exotic massive LLP decaying to a pair of
oppositely charged muons, referred to as a “displaced dimuon”.
@ Two signal models are used as benchmarks:

@ Hidden Abelian Higgs model (HAHM): Include additional U(1)p
symmetry, broken by dark Higgs (Hp), with hypothetical dark
photons (Zp) as mediators. For small values of Z — Zp kinematic
mixing, the Zp is long-lived.

@ Simplified model, in which a non-SM Higgs boson decays to a pair
of long-lived exotic heavy neutral scalar bosons.

I < ©
1 /
. 7 / X ©
H----- - - - ¢------ ¢
HD ZD

%
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95% CL upper limits

@ We set upper limits on the production cross section, o(® — XX),
times BF, B(X — uji), as function of the decay length (cr).

@ The limits are set for different ranges of masses:
m($)[125 GeV — 1 TeV] and m(X)[20 — 350 GeV].

5 97.6 b (13 TeV) 5 97.6 b (13 TeV)

5 10° g™ Ty 95“/-ch T ; Ty T 1 5 10° g™ Ty 950/-ch T ; il T 1
o, sF o CL upper limits: E o, sF o CL upper limits: 3
=10 E Cms — Combined observed N =10 E CMs — Combined observed N
3 104 me=125Gev - - Combined expected (median) ] St Me=400Gev - - Combined expected (median) 4
0 !- m, =20 GeV/ Combined expected (68% quantile) -! T !- m, =50 GeV Combined expected (68% quantile) -!
X 103 3 Combined expected (95% quantile) 1 X 103 3 Combined expected (95% quantile) 1
a, HE - - STA-STA expected (median) 3 a HE - - STA-STA expected (median) 3
$10°F - - TMS-TMS expected (median) | § $10°F - - TMS-TMS expected (median) 1
? 10 i_ + == STA-TMS expected (median) L c .i ? 10 i_ - - STA-TMS expected (median) .i
< F - E < F M
v r 1 v 'r T
107 1 107 1
107 1 107 1
10°F 1 10°F 1
10 1 10 1

5 l ol l l ol l l ol -5 l ol l l ol l l ol

10
10° 102 10" 1 10 102 10° 10* 10° 10° 10° 102 10" 1 10 102 10° 10* 10° 10°
ct [em ct [cm

@ The search is sensitive to a broad range of ¢7 (30 um — 1km).
@ Most restrictive limits for ¢ between 0.1 mm and 10-100 m,
excluding o(® — XX)B(X — ppi) smaller than 1 fb.



95% CL upper limits

@ The signal samples are produced considering small values of
7 — Zp kinematic mixing: ¢ (2 x 107° — 1076).
@ The limits are set for different Zp masses: m(Zp)[10 — 60 GeV].

. 97.6 fb* (13 Tev) o 97.6 b (13 Tev)
T 10° g L T T 1 T 10° g, P A I 1
= E 5% CL upper limits: E s sE CMS 6 CL upper limits: 3
=10 E CMS — Combined observed N = 10F — Combined observed 3
T f m=125Gev - Combined expected (median) 1 2| me1scev . Combined expected (edian) E
TD FE m, =10GeV Combined expected (68% quantile) 3 TD E m, =50GeV Combined expected (68% quantile) 3§
N 103 E B(f ~H) =0.144 Combined expected (95% quantile) 3 N 103 E B(f ~HW) =0.122 Combined expected (95% quantile) 1
Q. F o . - - STA-STA expected (median) E Q. LHF o . -- STA-STA expected (median) E
~2 10 E . -- TMS-TMS expected (median) N ;5 10 E ' -- TMS-TMS expected (median) N
ED 10 i_ P STA-TMS expected (median) -4 .i ND 10 i_ ', -- STA-TMS expected (median) .i
1 F K P E 1 F E
1r 5 1 r 1
T IF LN T oz If t
BTy SR IR AT AN S 4 5 3
102fp \ oo e . 10° :
100 S ot 10
[ oo o 10™
5 Cssund v vl v vl el v vl 10
10° 10? 200 1 10 10 10° 10' 100 16 10° 10? 200 1 10 10 10° 10' 100 16
T [cm T [cm



95% CL upper limits

@ Our previous results can be translated into limits on the kinetic

mixing e.

1 97.6 b (13 TeV) 10° 97.6 fo (13 TeV)
€ ¥ ' ' ﬁsmﬂzuz'n):l% 3 0 E ' ' ' iE(H~ZDZID):1% '
S, 10 [CMS B B(H-7,2)=01% H b CMS W B(H-2,7;) = 0.1%

5 105;_ 95% CL exclusion contours gmg%ﬁzggm _: 10 E 95% CL exclusion contours S}E‘%ﬁ%igﬁiﬁ 3
1 :_ B(H-2,2,) = 0.005% _; 109 i_ BH-Z,2;) = 0.005% _i
10A!_ _i ; \ §
1°F 4 WF 3

S E 3 E E

wr 1 wE E

10 3 1 F 3

i1 4 WF 1

L 3 E ]
wE E 10°F 1
10 e ——— ]

-3 Gl 1 1 1 1 [ -10 1 1 1 1 1 1

10 10 20 30 40 50 60 1o 10 20 30 40 50 60

m(ZD) [GeV] m(ZD) [GeV]

@ Our analysis excludes a wide range of ¢ values, between 9 x 109
and 6 x 1078 at m(Zp) = 10 GeV and between 5 x 10~'% and
1.5 x 1078 at m(Zp) = 60 GeV for B(H — ZpZp) = 1%.
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Briefing on additional BSM
Searches




Search for a heavy composite Majorana neutrino in
events with dilepton signatures from proton-proton
collisions at v/s = 13 TeV - Submitted to PLB

@ We consider the composite neutrino model'
Lg = \g—%ﬁﬁ/”/(()ﬂ\\'n)P‘L +h.c, Loy = %1y P gNy,L + h.c
@ The fermion interaction is the sum of the gauge and contact

contributions
N, #\P\FP% S%
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Analysis strategy and 95%

We focus on eeqqg and
upqq final states.
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The gray shading indicates the region where my, > A, and the 3 magenta lines
represent the fraction of the signal that satisfies the unitarity condition in the EFT.
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Search for pair production of vector-like quarks in

leptonic final states -Submitted to JHEP

© 00

WHZH

b,t,t

W-.Z.H

W Z,H

t,b,b

W Z.H

VLQs are hypothetical fermions whose left- and

right-handed components transform identically under
the SM electroweak gauge group SU(2); ® U(1)y.

This chiral symmetry allows a mass term in the L.

VLQs could cancel out myy quantum loop corrections.

We search for final states with e’s or u’s.
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Search for top squarks decaying via the four-body
mode in single-lepton final states - CMS PAS

@ Target 4-body t; decays, allowed when m(ty) — m(%9) < m(W):
Select events with exactly one e or p, p"*°, and jets (use BDT).
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Probing B Meson Anomalies
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Measurement of B — 1"~ decay properties and
search for the B® — "1~ decay - CMS PAS

b w n
t v
s w W
(b)
b W W
t
s w w

Figure from PLB article-CLICK
@ Inthe SM the BFs (B) for these decays are very small:
B(BY — ptp~) = (3.66 +0.14) x 107°
BB® — ptp~) = (1.03 +0.05) x 10~ 10
@ Weuse BT — J/¢KT and Bt — J/4¢ events as
standard candles, to extract the signal Bs:

Ngo _ g
BB — ) = BB — gk t) L B fo

N+ g+ EBQ sty fs
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B(BY = put ) = B(BY — J/ipp) —s 11 BV
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Np+yppx+ €80y~ fa

B(BY — ™) = B(B* — J/yK*)

fu, fs and fy are the B hadron production fractions

Andrés Flérez

@ We find the Bs to be:
BB+ ) = 345713 st 22 oyt 0245/ £) } X1,

BB+ ) = (037727 (tat) 0% syst)] x 1071,

@ Where we have used (from PDG and LHCb):
B(B* — J/pK*) = (1.020+0.019) x 1073,
B(J/y — ptu~) = (5961 £0.033) x 10*2, and
fs/ fu =0.23140.008.
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https://cds.cern.ch/record/2815334/files/BPH-21-006-pas.pdf
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https://www.sciencedirect.com/science/article/pii/S0370269310010993

Results

@ We also estimate the branching fractions using the B — J /¢
decays for the normalization.

@ Using B(B? — J/¢¢) = (1.018 £ 0.050) x 1023 from LHCb:
BB — ) = [3.9575:3(stat) | 527 (syst)§ 9" (BF)] x 107°

1201 (13 Tev) CMS Preliminary 1401 (13 Tov) 10° 1401 (13 Tev)

I Cxa0®
005 01 015 02 025 03 035
BEB® ~ p'p)

@ Comparing LHCb, B(BY — u*u~) = [3.097335 73131 x 1072, our
result is about 1.2 s.t.d higher, more consistent with the SM.

T e
BB - W)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005

Some of our short term goals and plans

@ Several more new results with Run2 data are just around the
corner!

@ For Run-3 data: new triggers deployed, scouting (high rate
trigger-objects analysis) and parking (opportunistic reco).

@ Over one billion fully-simulated events produced every week (from
GEN to RECO).

@ Increasing applications of machine learning techniques in
reconstruction and identification of particles and in several
different analyses.

JETS
-
g
PV PV
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Summary

@ CMS has produced many interesting results on a very broad set of
searches probing BSM physics.

@ There are many interesting results with Run2 data that are on
their way to be released (stay tuned!).

@ We have observed several 2-30 deviations of data w.r.t to SM
BKG predictions that we need to further investigate/understand:
real signs of new physics? Statistical fluctuations? Bad BKG
predictions?

@ We are preparing for the HL-LHC and | personally believe that the
best of CMS and the LHC is yet to come: we only need to be
patient, collect more data, and keep working hard.
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