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Overview

e CMS has a very broad physics program to search for physics beyond
the standard model (SM).

e | will focus on some of the recent results from CMS, related with
Exotic models and Supersymmetry.

o | hope to give you an overview of the interesting physics being
conducted by CMS.

e | have tried to put enough details in the slides so you can comprehend
the overall concept of each analysis.

e The title of each slide has a hyperlink to the CMS site, where you can
find the documentation.
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The CMS Detector

CMS DETECTOR STEEL RETURN YOKE
Total weight

: 14,000 tonnes. 12,500 tonnes

Overall diameter :15.0m
Overalllength ~ :28.7m
Magnetic field ~ :3.8T

SILICON TRACKERS
Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS

PRESHOWER

Silicon strips ~16m? ~137,000 channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels
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What do we search for?

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

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

o 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) i i
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 ar
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N
What do we search for?

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

o [f 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

LXK XXX XXX
X el X XXX XXX
A XX XXX = XX
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Copyright: STFC/Ben Gillitand

taken from: http://united-states.cern/physics/supersymmetry
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e The analysis searches for the
production of a pair of t quarks,
in leptonic final states to an
electron and a muon.

e The analysis is optimised to be
sensitive to the so called
compressed mass spectra
scenario:

m(t) — m(Xg) ~ m(top)

CMS-BSM-Highlights

— e (35.9 fb1) - cms PAs sus-18-003

e The analyses requires exactly

one ey pair with opposite
charge and m(e, u) > 20 GeV,
and two jets with at least one
b-tagged jet.
The My, distribution is used as
fitting variable to search for
signal.

M= min (max (), mi 5, )

giss 4 smiss_ pmiss
P+ =Ef
x10° 35.9 fb* (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-003/index.html

Ff — e (35.9 fb1)- cMs PAS SUS-18-003

e Since no excess above the SM BKG expectation is observed, upper
limits at 95% CL on the signal strength are set as function of the
mass.

e The analysis considers scenarios where R-parity is conserved
(PR — (_1)35’7L+2s)

m(t) — m(%§) = m(top) m(t) — m(X§) = m(top) — 7.5GeV m(t) — m(X§) = m(top) + 7.5GeV
CMS Preliminary 35.9 b (13 TeV) CMS Preliminary 35.9 fb™* (13 TeV) CMS Preliminary 35.9fb* (13 TeV)
45| —— Observed m; - m;, =175 GeV 2 —— Observed m; - m?] =167.5GeV —— Observed m; - mi" =182.5 GeV
- Expected 1 'S -~ Expected 1 'S 5|~ Expected T o
4 [0 Expected 1o [0 Expected 1o [ Expected 1o
Expected 20

35 Expected 20 2| Expected 20

95% CL limit on signal strength

95% CL limit on signal strength

95% CL limit on signal strength

Bt | I I I I ] I I E | | I I I I
80 10 20 20 20 230 24D T0 180 190 20 210 220 20 240 90 20 W 20 FEI

|
m; (GeV) m (Gev) m ?Gev)
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77 (35.9 fb1)- arxiv:1807.02048

-

- ; @ 7 @

S~-l o _ <0 _ 0

P T XY p 7 X > N 7 X
'\ ¥ %= \\ N P bed -\-\ .

e Scenarios where the 7 and the {9 are nearly mass degenerate
(compressed-mass-spectra) allow to obtain a relic DM density consistent
with cosmological observations.

e The analysis consideres three scenarios for that 7 pair production: (i) 7, (ii)
Tgr, and (iii) maximal mixing between the right- and left-handed eigenstates.

e The following final states are considered: ey, ety, pur, and Tx7).

CcMs 35.9 (13 Tev)

Selection requirement e e, i T a

T80, 1)) 15 5 5 5 g — Observed [ eviets [ single t+jets

3y(6 ) P P P _ @ e, * %00 R[] oviuee)iets [ det-,

AR(l,65) <35 <35 <35 — T(00) K1) [@oveosies [l other sm

brtagged jet veto pr > 0GeV, pr>20Ge, pr>20GeV,  pr>30Ge, o Q00 Lars) [ wwsiets [ Bkg uncertainty postfit
‘medium CSV medium CSV medium SV loose CSV

Additional jet veto Sljet, pr > 20GeV >1jet, pr>20GeV >ljet, pr > 206V —

|(jet, ;)| (1-jet events) <3 <3 <3 -

AR(jet, ) (1-jet events) - <4 <4 -

mify, ) [GeV] 90-250 >30 >30 -

e/}t pr upper bound [GeV] <200 — — — g

e/, F5) [GeV] - ufojgo Dfnjgg - é’ss g e

iy [GeV] - >30 >30 - Tees

Andrés Flérez (Uniandes) CMS-BSM-Highlights December 5, 2018 10 / 45


https://arxiv.org/abs/1807.02048

|
77 (35.9 fb1)- arxiv:1807.02048
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cMs 3590 (13 TeV) CcMS 35.91b* (13 TeV) CcMs 35.9 b (13 TeV)
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https://arxiv.org/abs/1807.02048

|
fi or 7, (35.9 fb1)- arxiv:1811.09760

e The search focuses on the production of fi and 7, candidates, in the context
of RPV scenarios, via Ay;. "

simplified model 1 simplified model 2

e The analysis requires a well identified muon pair with same electric charge,
and at least two jets with pr > 40 GeV and |n| < 2.4.

Upper cross section limit at 95% CL in the Upper cross section limit at 95% CL in the  Upper coupling limits as a function of mg

m_o vs my plane. m_g vs my , plane. and my /5 for a modified cMSSM
X1 X7 M /
CMS pretminary 3591 (13 Tev) = CMS proiminary ___ 35,9 15" (13 Tev) = pves i g0
= = 3000 prefiminary
fou¥ - ppud s W~ uk - naa ¥ - wpaqud S
1 .9 1 1 .S cmssM-ike
2500 -observed fimit 05 2500 observed fimit 0°g tan i) =20
@ @ 2500 A0
sm1 a sm2x=0.1 a n>0
@ @
r 102 8 2000~ 102 8
s 5 § oo
c c 3 -
S Quisoof- s < -5
0 = e 0 = £ =
E £ E =&
5 1000 5
18 1 g wod B
5 5
O 500 p |
1 o 1 o
)™ " o 50
o S L, L I L o 3
500 1000 1500 2000 2500 3000 & 500 1000 1500 2000 2500 3000 &3 - =
00 1000 1500 20002500

my (GeV) mg, (GeV) m, (GeV)
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https://arxiv.org/abs/1811.09760

v + jets + EMSS- cMs PAS SUS-18-002

® The search focuses in final states with at least one -, multiple jets and large
E'ss. motivated by gauge-mediated supersymmetry breaking (GMSB).

In GMSB scenarios, assuming R-parity conservation, the gravitino is the DM
candidate.
q

e Depending on the scenario, signal
events were required to pass:
(p7 > 100 GeV & HF > 800 GeV) or
(p7 > 190 GeV & H7 > 500 GeV)

e The selected events are divided into 25
independent signal regions based on

E™ss number of jets, and number of
b-tagged-jets.

Andrés Flérez (Uniandes)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-002/index.html

v + jets + EMSS- cMs PAS SUS-18-002

m (GeV)

my (GeV)

e 95% CL upper limits for g or t pair production cross sections.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-002/index.html

v + € + E'5- cMs PAS SUS-17-012

e Events with at least one +, one lepton (e or i), and large E7’1’i55 are studied.
e The analysis consideres general gauge-mediated (GGM) supersymmetry

breaking models.

® mr is used as the main discrimination variable (mr = \/2p% Episs(1 — cosng (e, Eps))).

Signal is defined as events passing E/™** > 120 GeV and mt > 100 GeV.

T5Wg

Events /bin

Search bi number

Andrés Flérez (Uniandes)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-012/index.html

Exotic models

Lt

Andrés Flérez (Uniandes) CMS-BSM-Highlights December 5, 2018 16 / 45



Long-lived-particles - cMs-PAS-EX0-18-007

e This analysis focuses in the production of long-lived particles decaying into
jets.

e The search considers that each long-lived particle has a desplaced decay
vertex up to 55 cm, in the transverse plane, from the main production vertex.

e Several models predict long-lived particles decaying into displaced jets, such
as: SUSY GMSB or RPV models.

e Events with at least one dijet pair, Hr > 400 GeV, where each jets must
have at least a pr > 50 GeV and |n| < 2.0 are selected.

e For secondary vertices, displaced tracks associated with each dijet candidate
are selected by requiring transverse impact parameters larger than 0.5 mm
and transverse impact parameter significances larger than 5.

35.9 b1 (13 Tev)

35.9 b1 (13 TeV) 35.9 b1 (13 Tev)

S

.
< 0
S

[

Events/LO

<10
2
&

g g
s oty bt Ly f E
g t VH

‘ ' . . R 44
(AR ATEARNAN =R L SR

To0 200

L S R R
Cluster RMS
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-007/

Long-lived-particles - cMS-PAS-EX0-18-007

o Limits are set for different models: Jet-Jet model, and SUSY models.

e The Jet-Jet model considers the pair-production of long-lived scalar
neutral particles X particles. The pairs are produced through a 2 — 2
scattering process, mediated by an off-shell Z boson propagator.

95% CL upper limits on the pair production 95% CL limits for the long-lived gluino 95% limits for the long-lived top squark

cross section of the long-lived particle X, model in the mass-lifetime plane, assuming a model in the mass-lifetime plane, assuming :

using the Jet-Jet model. 100% branching fraction for & — gG 100% branching fraction for ¥ — b¢
35.9 fb (13 TeV) CMS 35.9 fb* (13 TeV) CMS 35.9 fb! (13 TeV)

= T T T = a2 > T-bl A, NLO+NLL exclusion =
S wLcmMs 95% CL upper limits | 8 T 8 5% CL expected = 1 =
- s 2 L 5% CL observed £
Jet-Jet model § £ 1500 :t;
@ “
I 2
I <
5 =

ul
1 10 10? 10° 10" o . K 25 3 35 4
¢ty [mm]

25
log, , (ct/mm) log, | (ct/mm)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-007/

|
7 — 4u (77.3 fb~1) - cMs-PAS-EX0-18-008

e Event selection criteria:
. Q n, >4
Q@ 4 < my,- <120 GeV
" Q m(Z1) > 12 GeV

a s Q 80 < my, <100 GeV
e The inclusion of an additional

) . e Zi: dimuon pair closest to Z mass.
U(1) symmetry in the SM, is one ; P (s )
. . = F T T T T T T T T
of the simplest extensions. S ,fcwms
. i i ,g E Preliminary
e Such an extension, gives rise to the g %
well known Z’ boson. 3
e “To make the extension b
anomaly-free, only some a
generation-dependent couplings are L
allowed N ) 80 82 84 86 88 90 92 94mff 9% 10C
Y The analySIS uses the L _ L m(Z’):SGn‘/m(Z’):15(}&Vm[l’):70GeV0bwvedDm
H T 2,008 | g,=001 505
gauge symmetry: assumes 80 <my, <100GeV | 4304392| 371:37 | 31431 | 58454 4
COUp'IngS tO the 2nd and 3rd 49 <m(Zy) <51GeV | 92431 23£23 = - 13
; 147 < m(Zy) < 153GeV| 77428 - 189419 - 6
generations only. 686 < m(Z)) <TIAGEV| 34965 | - - 360236 %
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-008/

7 — 4u (77.3 fb~1) - cMs-PAS-EX0-18-008

95% CL upper limits on o(Z’ ) 95% CL upper limits on the gauge Comparison with other experiments

production cross section and branching coupling strength as function of m(Z') sensitive to the same parameter space

95% CL limit on a(pp - Z'u — 4 [pb]

7731 (13 TeV) 77.3 b (13 TeV) 1
) 2 ~, 10 1 CMS Preliminat 77.3 b (13 TeV)
CMs T Dot = = ECcMs — onserved
reliminary [ Expected (68%) ! = Preliminary -+ Expected
Expected (35%) N = [ Expected (68%)
g = e om0y -]
3 ]
Z S b ’
1 S [P Ziup 4 E|
N = | B@-uw=13 E|
@ EWE - 3 1
5 a sz zmm sy |
£ s} e CMS:Z . Zip - (exp)
£ ) 2 Atmannshofer, et al i
= 102 - 10 IHEP12(2016) 106 E|
o 3 E i 3 Neutrino Trident q
g [ 8, mixing 1
o BR(.. 4. =7 and 8 Tev |
G d | I
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 10 107 10°

fraction vs m(Z")

m(Z)[GeV] m(Z")[GeV] m(Z)[GeV]
The limits on the gauge coupling strength, g,,, assume that the fraction of

B(Z' — pp) is equal to 1/3.
The shaded yellow region shows constraints derived from the ATLAS
measurements at 7 and 8 TeV of Z — 4.
Shaded red: trident cross section by the CCFR Collaboration and magenta
from global analysis of Bs; mixing.
The region in between the red and magenta constrains ,and for
m(Z') > 10 GeV, is a candidate region to explain the LHCb B-decay
anomalies.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-008/

|
bb pairs (35.9 fb~1) -

CMS-PAS-EXO-17-024

d b 8 e n, =0 and p’7'-’i55 > 140 GeV.
e The soft-drop algorithm is used to
DA . . .
f’b reduce QCD contamination:
8 5 5 mf;(rpltrl/;i?) > zcut(N;;’Q )P

@ ®
One-loop diagrams of processes exchanging a scalar (®) or pseudoscalar (A) mediator,
leading to a boosted double b-jet signature.

e Depending on the signal hypothesis,
the analysis uses two different
jet-recon. algorithms (anti-k; —
or Cambridge-Aachen (CA15)).

AK3)

e A dimensionless mass scale variable
for QCD multijet jets,
p = log(m%5/p%) is used to
characterize the correlation
between the jet b tagging

. . discriminator, jet mass, and jet pT.
e The event selection requires a hard ] Jetpr

ISR jet with pr > 450GeV (500 GeV) o
and |n| < 2.5 for AK8 (CA15) jets.

Events with ®(bb)-tag are
defined as passing.

AK8 jets

me [GeV] pr>450GeV  msp > 40GeV  Leptonveto piss <140GeV NPT <0 —60<p<21 doubleb tag
75.0+£0.1 375+02 36202 329402 147+01 143£0.1 73£01
100 754+01 22402 40602 375402 180+0.1 175+0.1 71£01
125 755+02 42302 40602 375+02 181£0.1 175£0.1 61+0.1

CAl5jets

Mo [GeV] pr>500GeV msp >82GeV Leptonveto ps < 140GeV NPT <0 —47<p< —10 doubleb tag
200 61001 35.6+£01  339+01 311+01 139+01 13.0£0.1 33+00
300 63401 357+£01  340+01 311+01 132+01 111£0.1 19£00
350 643+0.1 358401  339+01 31101 130401 86+0.1 11£00
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-024/

bb pairs (35.9 fb™1) - cMs-PAS-EXO-17-024

e QCD-multi-jet is the dominant
BG (estimated from data).

The figure below shows the
observed and fitted background
in one of the pr categories for
the AKS8 selection.

The QCD-multijet BG in the
passing region is predicted using
the failing region and the
pass-fail ratio R,/¢.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-024/

-
XX + h - CMS-EX0-16-50

e The analysis explores the production of DM in association to a scalar
Higgs boson h, with a mass of 125 GeV that decays to a bb pair.
e Results are interpreted in terms of two simplified models:
@ A type-2 two-Higgs doublet model extended by an additional light
pseudoscalar boson a (2HDM + a).
@ A baryonic Z’' model, in which a “baryonic Higgs" boson mixes with
the SM Higgs boson.
e Events with large E?iss, no isolated leptons or photons, and a a CA15
jet identified as a Higgs boson candidate, are selected.

35.9 b1 (13 TeVv)
T

"
o

3 WHjets 4

= T ,

> v bha

& 12k CMS T = S (pre-ity 4
= SR . Zjets

& s

5

[

w

2HDM+a, m,=1TeV, m,=150 GeV.
—— Bar. Z, m,=0.2 TeV, m,=50 Gev

=

i[ [T BRARERRRREN ??J)},E:m,tbggkﬂq
BRI +

Data/ SM
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-
XX + h - CMS-EX0-16-50

Upper limits at 95% CL on the signal strength modifier, defined as ;1 = 0 /0 theory .
ratio of the VEV between h and H

0 = mixing between “a” and “A” tanf3 =
35.9fb ' (13TeV)

35.9fb ' (13TeV)

my = mass of the pseudoscalar
35.9fb ' (13TeV)

Ccms

2HDMea, h —+ bb
Siné = 0.35, m, - 10G
Sold dashed) s

1= 0/Gveay
c
o8
3
1= 0/dveay

e The baryonic Z’ model considers an § " Fows 1
additional U(1)g Z’' gauge boson that Ex::Z;f@DDMthgft)-ﬁ*@fl st |
couples to the baryon number B. ok

e The model predicts the existence of a ol '
new Dirac fermion, that is neutral 2005 -
under SM gauge symmetries, has 1°°§
non-zero B, and is stable. 200400 660300 1000 1200 1400 1600 160 2000 7
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-
Dijet Resonances (36 fb™!) - cMs-EX0-16-056
e QCD-multijet events are the

dominant source BG.

271 (13 Tev)
T T T

e CMS divides the search into narrow
and broad resonance spectrums,using
wide jets: pr > 30 GeV, |n| < 2.5.

e The narrow resonance search,
separates events into two mj; regions:
Q 0.6 <my <16 TeV (27 fb‘l)
Q@ m; >16TeV (36 b 1)
e The broad resonance search, uses the
same events as the high-mass narrow ' ety " biale
resonance scenario. AT,

361 (13TeV)
T T T

T T T T

CMS <25
Bl 4 Data

10 <13 —QecDMe

m> 1246 GeV

T T
1L CMS pi<zs
+ Data
Jnf <13 —QeoMe
m>489 GeV

Events/bin
Events/bin

36" (13 TeV)
T T T T T
cus +Data 3
—QeDMe
hl<2s
| <13
m; > 1246 Ge|

+Data E|
—QeDMC
<25
anj<13
m > 489 GeV

Events/bin
Events/bin

e Several benchmark models used:
String resonances, Scalar diquarks, v}
Mass-degenerate excited quarks,

. 10° 10°F
Axigluons and colorons, W’, Z’, o
Randall-Sundrum, Dark matter ol A
mediators, etc mmﬁmﬂ ZO‘DU 30‘00 40‘00 SJIIJJOiJEigr‘?\%SlO[‘[é]eV]
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|
Dijet Resonances (36 fb™!) - cMs-EX0-16-056

Narrow dijet Limits on the resonance mass
e mj; for the observed number of 3778 36 107(13 Tev)
events in each bin divided by the
integrated luminosity and the bin
width, with bins of width
corresponding to the dijet mass To-s

— — - Scalar diquark
octet scalar (k? = 1/2)
wr

e
DM mediator
RS graviton

95% CL limits
—— gluon-gluon

. 10-4E —— auark-gluon
resolution. UE T avarcauark ™ .
10 T 2 3 a 5 6 7 8
Resonance mass [TeV]
. \ L ! s
o e BRI sewaare Limits on the coupling to q's of a
> WEtMs + b 7 3 “Foms + paa 3
g w Lhe { §w L E . I
2 00 075Tev) 2 b w@oTey) ] |ept0ph0blc Z
& UF waatey = a9 (40TeV) - B
- .| - qq (1.60 Tev) 5 0E -qq (6.0 Tev) | 27 fb’ & 36 fb' (13 TeV)
B WE E B = T T T T T T T
8 8 4 cms
E E 1= 95% CL upper limits
E E = o Observed
INOF =309/39=10 3 - Expected
I e pres S 0.3F mEEm * 1 std. deviation
En<zsmm<1s [ = 2 std. deviation
= 3 ; aaaaa 3 02 o > My / 2
g 3
] . ll.-__l-. A E| 0- —
9| +F r I L 0.1 Iy
B R S PR VR TR T S - T E R S o.
Dijet mass [TeV] Dijet mass [TeV]
0.0
P, P, B I | \ |
do _ Po(1—x)"1 do __ Po(1—x)"1 ©'500 1000 1500 2000 2500 3000 3500
dej xP2+P3in(x) 1 dej XP2+P3/n(x)+P4In2(x) Z' mass [GeV]

Andrés Flérez (Uniandes) CMS-BSM-Highlights December 5, 2018 26 / 45


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-056/index.html

|
Dijet Resonances (36 fb™!) - cMs-EX0-16-056

Narrow dijet: Limits on a dark matter mediator
Limits are set to constrain simplified models of DM, with leptophobic vector and
axial-vector mediators that couple only to quarks and DM particles.

27 107 & 36 b (13 Tev) 27 b & 36 fb (13 Tev)
T T 7 T T = T T T T T T
Axial-vector medi “¥ A © 1600~ CMS " | vecior mediator
o &Dirac DM
3 100 g,,=10
£ 4,025

1200

1000

N R I s Y N B e

800
2 600
Dijet 95% CL
2 400
4 — Observed
Z 200
| -~ Expected ; %
| L L L i L L T L (A | L
500 1000 100 2000 2500 3000 3500 ° 500 000 1500 2000 2500 3000 3500
Mediator mass [GeV] Mediator mass [GeV]

27 & 36 fb (13 Tev) 27 b & 36 fb (13 Tev)

CMS
95% CL limits

CMS
95% CL limits.

>
[
<)
=
3
£

Coupling 9
My, [GeV]
Coupling 9,

Axial-Vector mediat
Dirac D

1000 1500 2000 2500 3000 3500
Mediator mass [GeV]

1000 1500 2000 2500 3000 3500
Mediator mass [GeV]
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|
Dijet Resonances (36 fb™!) - cMs-EX0-16-056

e The search for narrow resonances assumes the resonance width, I, is
negligible compared to the experimental dijet mass resolution.

e The broad resonance search, constrains the width up to 30% of the
resonance mass (M). Limits are given as function of '/ M.

e The shape of a broad resonance depends on the relationship between the
width and the resonance mass. The cross section is described by
Breit-Wigner:

i f
b o I e SPinl: TM — (42)TM, Spin2: TM — ()M

1 1
36 fb (13 Tev) 36 fb (13 Tev) 361" (13 Tev)
TiefT T T T T T T T T T T T o 03
= cMs 95% CL limits = cMs 95% CL limits o
= Pl S0 Pt o 07 CcMs
< k-quark D < luon-gluon D £
o 10f duerkau ——rM=25% o gluon-g —— TM=25% = 95% CL upper limits
o Spin 2 —=— M =20% o 10F Spin 2 = [M=20% < 3 06 — Observed
—o— rM=15% —o— TM=15% S - Expected
1 —— M =10% —— rM=10% ] 0.5 M 1 std. deviation
3 —o— TM=5% —s—rM=5% +2 std. deviation
101 —— M=% —— M= 1% — Observed (narrow)
/M =0001% 107E rM=0001% 04

Spin-1 mediator
&Dirac DM
My, =1GeV
g,,=10

10¢F E

. . . . . . . . . . . .
2000 3000 4000 5000 6000 7000 8000 2000 3000 4000 5000 6000 7000 8000 00655063000 3506 4000
Resonance mass [GeV] Resonance mass [GeV] Myeq [GEV]

95% CL upper limits for spin-2 resonances 95% CL upper limits for spin-2 resonances  95% CL upper limits on gq Vs resonance
produced and decaying in the qq channel.  produced and decaying in the gg channel. mass for a vector mediator.
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Z' —ee (773 fb71)

e The analysis selects two well
reconstructed and isolated
electrons, with ET > 35 GeV.

e FElectrons are selected in the barrel
region using |n| < 1.4442 or in the
endcap region 1.566 < || < 2.5.

e The dielectron pair is formed with
the highest pt electrons.

414107 (13 Tev)

o 4 Data cms
10 1z >ee  Preliminary
I w, ww, w2 22, %
- [0 dets

Events / GeV

‘075‘30160 200 300 1000 2000

£

el

& 0.5

£ “'so100 200 300 1000 2000

= ‘m(ee) [GeV]
Chamel ModelObs.lmit[TeV] _Exp. lmit [TeV]

Zy 4 iB

=@ 7, 3% 35
cbamdn) sty S Y

7, 41

Andrés Flérez (Uniandes)

CMS-PAS-EX0O-18-006

The 95% CL upper limits on o X B for a spin-1 resonance with a
width equal to 0.6% of the resonance mass, relative to the o X B

[oB] Z'/ [oB] Z

107

[oB] Z'/ [oB] Z

CMS-BSM-Highlights

fraction for a Z boson.
41. 4fh (13 TeV ee,

107

107

_— Obs 95% CL limit
====== Exp. 95% CL limit, median
I exp. (68%)
. [ Exe. 95%)

0
—z,

ssm

| ! | | 4
1000 2000 3000 4000 5000

77.3 fb (13 TeV, ee) +36.3 fb (13 TeV, p W

M [GeV]

10

—— Obs. 95% CL limit

------ Exp. 95% CL limit, median
. [ Exp. (68%)
. [ Exp. (95%)

I I I I Sy
1000 2000 3000 4000 5000

M [GeV]
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W' — ¢+ E™s (35.9 fb!) - cMs-EX0-16-033

e The search for W/ —s ¢ + E,Tniss focuses in  ® multijet, estimated from data
final states where £ — ¢ or £ — L. using isolation templates.

35.9fb ! (13TeV)

cMs = W-Boson -~ UED M=3.8 Tev

ek pyi

e mry is used to search for signal events:
mr = \/2p Emiss(1 — cosAg({, ET™))

e The main source of BG events come from
Wjets, tt, single-t, and DY+ jets.

= Diboson

Events/(40 GeV)

e Event selection criteria was used:

S oottt t
z . i A 1 D I
5661066 1500 3066 " 3560 3000 e P o
QO Nep=1 T
e/p, 106 . . . . . 35.9'&; (1;3Te\/)
cms i M WoBoson  —— UED M=3.8Tev

1+

@ / identification: Tight

@ p5(p4h) > 130(53) GeV
Q EMss(e) > 150 GeV

@ 0.4 < pr/EMss(u) < 0.15
Q Ag(L,ET=) > 25

Q@ mr(e, EFs) > 250 GeV
Q mr(u, E?”'SS) > 100 GeV

= Diboson = SSM W' M=3.8 Tev
— 7/t —— SSM W' M=1.8 Tev

Events/(40 GeV)

pa—— ==
‘V'T+l
5651000 1506 3006 3506 3000 3500 4000

o 50
M (GeV)
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I
W' — ¢+ Es (35.9 fb1) - cMs-EX0-16-033

e The analysis sets limits for different ) ]
SSM interpretation

models:
4
0 ssM e
@ Split-UED: universal extra o ‘

dimensions with fermions
propagating in the bulk. In this
model all SM particles have

----- Median expected limit
o PP
=250

T T T Ty

10
corresponding Kaluza-Klein (KK) L
partners. wE ‘ ‘ 3
© RPV SUSY: The analysis studies 1000 e Ge)
the cases where a tau slepton decays _ . L 3591’a3Tev)
£ E cms e G SSMW L
to e+ v, or fi + Ve. g oo oo o
x E 0 W2, 4=0,05 TeV NN
b 10°E © W, 1= 10 TeV NNL
E 95% CL limit
l q e (’u) 103? ;r:dswa;expecledhm\l
mz? [ +2sd.
! - 10?
Ay ===~ R g3y (o) i
T
10"? E|
VI ql vﬂ(ve) = ‘10‘00‘ — ‘20‘00‘ — ‘sooo‘ — ‘40‘00‘ — "\;3‘(’)?;39‘\/;

Andrés Flérez (Uniandes) CMS-BSM-Highlights December 5, 2018 31/ 45


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-033/index.html

-
W' — ¢+ E™s (35.9 fb!) - cMs-EX0-16-033

Model-independent cross section limit
o The limit is set using a single bin ranging from a lower threshold on M+ to
infinity. For each Mt point, the analysis provides the acceptance A and
efficiency €. No other assumptions are made.

e “In order to determine any limit for a specific model from the
model-independent limit shown here, only the model-dependent part of the
efficiency needs to be applied.”

e A factor f, that reflects the effect of the threshold My, on the signal is
determined by counting the events with My > M,,;, and dividing it by the
number of generated events.

35.9 fb? (13 TeV) 35.9 fb™ (13 TeV)
T T E| T T 3

K3

s
— , =107 , ,
=) =} E
= CMs —— 95% CL limit 3 £ E CMs 95% CL limit
o El E — 3
o - Median expected limit -| o L T - Median expected limit -|
x x
10% - 107 . -
< B - 2sa I« [ Bt El
x [J=2sa I =« P =250 3
2a] 2a] Job
< x E
(=] =} E
1=
E| 107
Il L L L L L L E) |3 L L Il L Il |
500066800 5060 5566 3000 5560 5000001800 2006 5806 5006 %560
MI™ (GeV) M (GeV)
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W' — ¢+ E™s (35.9 fb!) - cMs-EX0-16-033
Limits on an SSM W' boson (Combined limit 5.2 TeV)

35.9 fb™ (13 TeV)

35.9 fb™ (13 TeV)

—~10°E T T T 3 —10°g
£ cMs CloSsuw lo 3 & FcMs
[ 10° e+p:‘“ =—— 0SSMW NNLO om 10°

—— 95% CL limit

- Median expected limit

x
o 10*

—— 95% CL limit

- Median expected limit

B +1sa. I :1sd.
107 [ +2sd [ zx2sd
10 TSN
1
107
| | | | | | | |
1000 2000 3000 2000 5000 1000 2000 3000 2000 5000
M, (GeV) M, (GeV)

Limits on the coupling strength

35.9 fb™ (13 TeV)
T T ]

35.9 fb’ (13 TeV)
T T

= [ T r T
= r CMs miss 7 r CMs ymiss.
\,; L e+py i \'; L n+p
o
1 1
- - il
107 = Observed E| 107E
E - - - Expected Bl £
L = 1sd. ] L
N CO+2sd. i .
..... ssMw
102 | L 1 | 1. 107
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000
My, (GeV) M, (GeV)
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W' — ¢+ E™s (35.9 fb!) - cMs-EX0-16-033

e+ET 35.9 fb* (13 TeV)

21

Limits on RPV SUSY i
q e (u

107"

/1’3ij o A231 (A132)

T 1072 Observed
eeeems Expected
14 N = 1s.d.
q vﬂ(ve) CJ+2sa.
1000 2000 3000 4000 5000
Mgiay (GeV)
® )o3p is used for e + v, and A3, for e 35.9 1 (13 Tev)
Mt Ve ~

o At low masses, the 7 signal has
higher efficiency w.r.t the SSM W’
scenario.

1072

e The fraction fy, is determined at

generator level and a correction is S
. Moy (GeV
applied w.r.t the SSM W’ model. (@ev
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|
W' — 1, + E™ (35.9 fb~!) - cMs-EX0-17-008

e The analysis searches for the _
production of W' — 1v. e m7(1h, pT*°) is used as the
main discrimination variable.

e Two benchmark models are
considered: SSM and nonuniversal e Main event selection criteria:
gauge interaction (NUGIM). Q pr(my) > 80 GeV

@ P > 200 GeV

Q 07< pT(Th)/pr;_viss <13
Q Ap>24

@ mr(7h, pP7) > 300 GeV

NUGIM models predict larger BF for
third generation fermions and explain
the large mass of the top quark.

The NUGIM models propose a
SU(2)/,'ght X SU(2)heavy X U(l)
symmetry. Through mixing we get
the SM SU(2)y and an extended
group, SU(2)g, from which the W’ _
emerge. o

OnomoooE

There is a mixing angle, 6g, which Eleadf ety 1 j
allows to modify the couplings to the ©7S60 000 w500 2000200 0ng,

heavy boson.
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-
W' — 1, + E™ (35.9 fb~!) - cMs-EX0-17-008

SSM Couplir]gAstrength . Model-Independent
95% CL upper limits on the ratio of 95% CL upper limits on the product of cros:
couplings. The values above the observed  section, branching fraction, and acceptance.
limit contour are excluded.

95% CL upper limits on the cross section,
considering same couplings as the SM

‘W-boson. mis
Tw = Mwiely/ew) (6B€)excr = ((eBe)MimT®) /fmy
™ 35.9 b (13 Tev) 35.9 fb! (13 TeV) 16 . . 35"9 fo (}3 TeVE
= y T T T T (. T T T 1 5 E
£ cMms rapmss S oSSMWNNLO EF L cms TapmEs = cMs T, +pMss  —— Observed 95% CL limit ]
Q107 " e gssMwLO E nPr . 1
o < —- - Expected 95% CL limit
—— Observed 95% CL imit ALSSMW | Q1% E
-==+" Expected 95% CL limit ° - osa E|

B =154

[e2sa [J=2sa

—— Observed 95% CL limit

107 --=- Expected 95% CLlimit 3 i
r [« 154 1 =
r [:2sa 1 ]
[ ] 10 3
| | I | | 107 L L Ll I I | | | | | L | |
1000 2000 5000 4000 5000 10005000 30004000 5000 400600 800 1000 1200 1400 1600 1800 2000
My(GeV) M, (GeV) M (Gev)
NUGIM models
Width of the W’ boson as a function of My, and mixing 95% CL upper limits on the mixing angle cotOfg as a function
35.9 fb' (13 TeV)
= w o T T
045 S 2 eLCMs
= E
o4 5 °
0.35 = 5
L E
0.3 = E
= af
= £
o E
0.2 3f NUGIM G(221)
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) e
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|
LQs (35.9 b 1) - cMs-B2G-16-028

o Leptoquarks (LQs) are hypothetical particles that carry both baryon and
lepton quantum numbers.

e Third generation LQs (LQj3s) have currently become of great interest since
they can explain the anomaly observed in the B — D77 and B — D*7
decay rates, announced by the BaBar, LHCb and Belle collaborations.

e There is a 40 deviation of these decay rated w.r.t the SM prediction.
The difference can be explained assuming large couplings of LQs to
third generation particles.

g JLQ q ,1Q
, y
” 7
. ,
N
g \\ 9 N
N N N
g G q \LQ
9 TOOOO — ~ — -1 9 L
| e
1LQ -
| AN
9 TOO00000- — < — -LQ g AT}
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|
LQs (35.9 b 1) - cMs-B2G-16-028

e The pr of top-quarks (p%-) from
LQs3s decays, is expected to be
larger w.r.t to the BG process.

e Two search regions are considered:
(1) ¢rpTh+jets, which has good
sensitivity for LQ;s masses below

500 GeV, and (2) {7+ jets, where Therefore, p, from a t decaying to
is an e or 4. jets, is used as discrimination

. variable for events in category A.
e The dominant sources of BGs come _ _ .g y
from tf and Wtjets e “A kinematic reconstruction of the

. L . top quark candidate is performed
e The event selection criteria is shown in O
by building top quark hypotheses

the table below. In addition p% > 30 : N
. . using between one and five jets.
GeV, and at least two jets with 359 10" (13 Tev)

= E T T T T T
e £ & Data 1, & Wajots
pr > 50 GeV and |n| < 2.4. 5 .f SMS =
S E em Zujets La, 400Gev
Table 1: Summary of selection criteria in event categories A (£7, + jets) and B (¢1,T, + jets), o Eei™he.  —io,0000ev ---La]s00qey

where £ = ie. In category A, the two subcategories, 05 and S5, are defined by the charge of 107 Ltpsots, SS low Sy

;

the £1;, pair. The fit variable used in each category is also shown.
[
Category A Category B 10
OS {1, +jets SS £y, + jets £7,T, + jets 3
Jet selection >djets >3jets >3jets B
pRiss selection ps® > 100GeV  piss > 50GeV PSS > 50 GeV 4 1 L
7, selection pr > 100GeV PP > 65GeV, pi2 > 35GeV & i i i 3
b tagging >1b tag — i +
St selection — Sr>350GeV = ) ) ) 1
Fit variable p‘T in two St bins number of events 600 800 1000 1200

P [GeV]
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|
LQs (35.9 fb1) - cMs-B2G-16-028

The theoretical curve corresponds to the NLO cross section with
uncertainties from PDF and scale variations.

. . . 8
A counting experiment is conducted for = ‘ — 22 A5 Tew)
. . = Observed limit at 95% CL
events falling in category B % . Median expected limi
Process eThTh +jets  HThTh + jets xon I 68% expected
LQ; (300GeV) 7% 167 7% s 95% expected
LQ3 (AOOGQV) 73 t}; 98 t}g — — = Prediction (NLO, B=1) Kramer et al.
LO; (500GeV) 34178 49755 $ [Phys. Rev. D 71 (2005) 057503]
LQ; (600GeV) 141 728 211 74}
LQ; (700GeV) 73115 71413
LQ; (800GeV) 32497 2458
LQ; (900 GeV) 15104 19 34
LQ; (1000 GeV) 08 103 09 153
th 25198 32113
thip 15408 2.0 498
Single t 0343 0.0 0%
Wets 05 %42 04107 g
Zijets 14493 1.0 103 5
Diboson 16 717 17 418 3]
Total background 7.9 24 84728 3
Data 9 11 2

Expected

e No excess above the SM
expectation is observed in either
category.

-+ 68% expected

Cross section upper

oy
1)
[

e Upper limits at 95% CL are set on .
o x B2 of LQ; pairs. Meo, [GeV]
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LQ. (35.9 fb!) - cMs-PAS-EX0-17-009

e Two final states are considered: (1)
eejj and (2) evjj. e QCD estimated from data.

3591 (13 Tev)

® cejj selection criteria: wfoms preliminary =

©Q N; =2 (w/ highest pr).
Q@ N, =2 (w/ highest pr).
Q p-r(el + 82) > 70 GeV.
©Q St > 300 GeV.

e evjj selection criteria:

d
=650 GeV, =10
M= 9500 Geip =10

Events / bin

é”%“*’*w# H —E
o e and JJ same as eejj. T s im0 10 2000 2500 3000
Q p7ss > 70 GeV. L mawg
Q A¢(pF™,j1) > 0.5, e B ciant
A(b( mlss ) > 0.8. B, _u;‘"ﬁfgm bane

Events / bin

© Sy > 300 GeV.
Q@ mr(p™s,e) > 50 GeV.

o BG from W—i—Jets and tt estimated
from MC, but the normalisation
corrected using data and MC in

dedicated CRs.
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|
LQ. (35.9 fb!) - cMs-PAS-EX0-17-009

eeii oM Preliminary 3597 (13Tew . r

JJ #5911 (13 TeV) B o ey 95% CL on the long-lived RPV SUSY t
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Summary

e The physics program to search for physics beyond the SM at CMS is
quite broad and robust.

e Unfortunately, no signs of new physics have been found until
now.

e CMS have reported some results using combined data from the 2015
up to 2017.

e CMS has gathered about 140fb~! of data and important results with
this full luminosity sample are expected soon.

e Only 5% of the LHC expected luminosity has been recorded up to
know, the room for possible discoveries is still quite open.

e More analyses are expected to be released soon, so keep your eyes
open for more interesting physics to come!
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Some important concepts

In particle physics, a cross section (o)
represents the probability of production of a
specific process. This quantity is related
with the level of the interaction between the
beam and the target, or between two beams,

and it depends on the energy of collisions.

@ Cross Section
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Some important concepts

p:m

Pixys-so

@ Cross Section

@ Luminosity N N F F
L~ A X Ng XT X
4r(ca X 0B)

L:/Ldt (2)
N,':U,'XL (3)
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Some important concepts

Detector

@ Cross Section
© Luminosity [a\

Punto de
Colision

© Coordinate systems \j
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Some important concepts

1= —nfen(2)]

@ Cross Section
@ Luminosity N ]
© Coordinate systems ol ]
© Pseudorapidity
= 0
2k i
- 4l
o 30 60 90 120 150 180

O [deg]

Andrés Flérez (Uniandes) CMS-BSM-Highlights December 5, 2018 45 / 45



Some important concepts

@ Cross Section

@ Luminosity

© Coordinate systems
@ Pseudorapidity

© 1)-gaps.
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Some important concepts

ZﬁiT = 07
i

1-gaps.
Missing transverse
momentum pr

@ Cross Section
@ Luminosity - -

p: (visible) + P, (invisible
© Coordinate systems ;pj ( ) Zpk ( )
O Pseudorapidity Zpk (invisible) ij (visible)
o
o

J pr=— Z IB’J-T(visib/E) (1)
J
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-
Particle Flow Algorithm - CMS
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-
Particle Flow Algorithm - CMS

e The Particle Flow (PF) algorithm
used by the CMS collaboration, has
no precedent in the history of HEP.
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-
Particle Flow Algorithm - CMS

e The Particle Flow (PF) algorithm
used by the CMS collaboration, has
no precedent in the history of HEP.

e The algorithm uses the information
from the different sub-detectors to
reconstruct individual particle
candidates: Muons, electrons,
photons, charged and neutral
hadrons.
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Particle Flow Algorithm - CMS

e The Particle Flow (PF) algorithm
used by the CMS collaboration, has
no precedent in the history of HEP.

e The algorithm uses the information
from the different sub-detectors to
reconstruct individual particle
candidates: Muons, electrons,
photons, charged and neutral
hadrons.

e The reconstructed particles are
then used to reconstruct more
complicated objets such as jets (see
next) and hadronic taus (7,), and
to also to measure the pr in the
event.
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Particle Flow Algorithm - CMS

e The Particle Flow (PF) algorithm
used by the CMS collaboration, has
no precedent in the history of HEP.

The algorithm uses the information
from the different sub-detectors to
reconstruct individual particle
candidates: Muons, electrons,
photons, charged and neutral
hadrons.

The reconstructed particles are
then used to reconstruct more
complicated objets such as jets (see
next) and hadronic taus (7,), and
to also to measure the pr in the
event.
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