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Searches above threshold

- Simplified models



Exited top quark

Baur, Spira, Zerwas
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Vector like top partners

Vector-like quarks - spin 1/2 particles with the same colour (triplet) and
electroweak quantum numbers for left and right components

Masses not from the BEH mechanism
Q,Qr mass terms are allowed some gauge symmetry

VLQ appear in many BSM extensions

Matsedonskyia, Panicob, Wulzer
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Similar limit at 13 TeV with just 2.3 fb! integrated luminosity

T—>2Zt, T > Wb, T — Ht for Q;=2/3

CMS Preliminary, 2.3 o' (13 TeV)
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Limits are set on couplings
and masses from single VLQ production
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Leptoquark searches

LQs are predicted by composite models, GUT ..
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1st generation LQ mass limit for p=1 RUN1 - CMS: 1010 GeV: ATLAS 1060 GeV

2nd generation LQ mass limit for p=1 RUN1 - CMS: 1080 GeV: ATLAS 1050 GeV
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Limits on 3d generation leptoquarks
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138 fb" (13 TeV)
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B(LQ® - br)

LQ-Pair production decaying to third

generation quarks and leptons
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Exclusion up to 1.25 TeV for scalar
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Overview of CMS leptoquark searches

CMS Preliminary
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Searches for W' in top+b
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137 Ib' (13 TeV)
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FCNC anomalous top couplings
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g-2 muon anomaly

E989 data from
Brookhaven National Lab(BNL)
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LQ; LQ; production, LQ; — bt /tv,
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Dark Matter from astronomical observations
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Simplified Models
scalar or pseudoscalar mediator

Assuming that this DM scenario respects the principle of Minimal Flavor
Violation, the interactions of a new spin-O mediator particle follow the same
Yukawa coupling structure as in the SM.

Therefore, the mediator would couple preferentially
to heavy third-generation quarks.
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LHCDM:1603.04156

Recommendations form the LHCDM group

Vector mediator: gpu = 1 and g, = 0.25.
Axial-vector mediator: gpy = 1 and gq = 0.25.

Scalar mediator: g, = 1 and gpm = 1. v

-
b/a

Pseudo-scalar mediator: g, =1 and gpy = 1.

The above requirements ensure the NWA TI',cq/Mpnea S 10%

Results could be simply rescaled for various couplings
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Cross sections above the curves are excluded
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DM constrains

1. Theoretical constraints:
The perturbative unitarity of VV -> hh scattering amplitudes

2. Thermal relic abundance:
DM relic density by numerically solving the Boltzmann equation at each
parameter point. Q,h?=0.1188+0.0010

3. Higgs invisible decays:
l_‘invh <0.19 l_‘totalh

4. Indirect DM detection via gamma rays:
Fermi-LAT data

5. Direct DM detection:
XENONIT 2018, LUX 2016, PandaX 2016 and 2017, CDMSlite, CRESSTII,

PICO-60 and DarkSide-50 data
6. DM capture and annihilation in the Sun:

likelihoods from the 79-string IceCube searches for high-energy neutrinos
from DM annihilation in the Sun

Implemented in the GAMBIT software.
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Many limits already in TeV energy range

Overview of CMS EXO results
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i o Status: May 2019 Jrdt=(32-139) b V5=8,13TeV
:%M . Model Ly Jetsi ETE [raqe-) Limit Reference
e L g o
or s B o ADD Gy + gig Oeu  1-4] Yes 361 71100301
mass scale [Te¥] ADD non-resonant vy 2y - - %7 170708187
ADD QBH - 2j - 37.0 170309127
'ADD BH high ¥ pr zlen 2 2] - 32 1606.02265
'ADD BH multiiet - =3 - 36 3 151202586
RS1 G = ry 2y - - 367 k(M =01 170704147
Bulk RS G — WW/2Z multichannel 3.1 Moy =10 1
Bulk RS Gy — WW — qqq9 en 2J - 139 10 ATLAS-CONF-2019-003
Bulk RS gy — tt lep 21b,2102 Yes 361 Tim=15% 180410823
2UED ! APP lep 22b23) ves 361 Tior 1,1), H(A s 1) 1 i
SSM Z' — it e - - 139 1903.06248
oy ar imaorase
Leptophobic Z* — bb. - 2b - 86.1 180509299
Leptophabic Z* — tt Tep 2152107 Yes 6.1 Tim=1% 180410823
SSM W' — oy lep - Yes 139 CERN-EP-2019-100
Suw o D e T
IV W2 quagmotels Oop 24 Amirs-cour 2003
HVT V' = WH/ZH model B multichannel 361 171206518
(RS 1 6 ichame %1 07 10473
LASM Wg — uNg 2u 14 - 80 m{Ne) =05 TaV. g1 = gn 130412679
Claqgeq - 2j - o L 1708.00127
. Cittag 2ep - - s e 1707
Of teee. ey =lb=1j ves 361 ICarl = an 181102305
Adialvectar meditor (DracDM)  0er 1-41  Yes 361 £=0.25,£,-1.0, mlx) = 1GaV. 171103301
Colrad sl madior OracOM) 0o 141 Ve %0 o 00 iy
Vi/yy EFT (Dirac DM) Oep  14sli Yes 32 m{i) <150GeV. 160802372
Scalar reson. & = ty (Dirac DM) u 1B01J Yes 361 =041 =02 my)=10GaV 181200783
Scalar LQ 1 gen 12e 22j Yes LR} 180200377
Scalar L 2" gen 12u 22j Yes 180200377
Scalar LQ 3 gen 2r 2 - BLQY — br) =1 190208108
Scalar LQ 3 gen Olep 2b Yes BLQY — ¢7) 190208103
VLQ TT — He/Ze/Wh+ X muitichannel 5U(2) doublet 1808.02343
VLG BB - Wt/Zb+ X multichannel SUI2) doublat
VLQ Toa Tl Tas = W+ X 2ASS28en=1B.21) Yes 861 B(Tyy —+ W)= 1, 6(Toa W= 1 1807.11883
+X leu zlbzl Yes 3.1 BV — Wh)= 1, e Wh)= 1 181207343
VLG B — Hb + X Oep2y z1B,21f Yes 79.8 *g=05 ATLAS-CONF-2018-024
VLG QQ — Walg. Tep 4] Yes 203 1
Excited quark g* —+ ag - 2j - 139 only u* and d*, A = mig") ATLAS-CONF 2019-007
Excited quark g* — qy 1y 15 367 onlyu’ and d*, A = mig') 1709.1,
Excited quark b — bg - 16.1] - 361 1805.08290
Excited lepton " - 203 1411.2821
Excitad lepton v - - 203 1411.2621
Type |ll Seesaw 22§ Yes 798 ATLAS-CONF 2018-020
M Majorana v 2u 2 - 6.1 1809.11105
Higgs triplet H** — ¢t 234e.uiSS) - - 6.1 1710.09748
Higgs triplat H** — £1 &t - 203 14112821
Mutti-charged particles - - - 361 DY production, |\ = Se 181209673
Kisgnatis monopoles 4 o proweton 1~ 150,12 | 1o0s 10130

I
10" 1

*Only a selection of the available mass limits on new states or phenomena is shown.
+Smallradius (lerge-radius) jets are denoted by the letter | (J)
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10 Mass scale [TeV]
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Many limits already in TeV energy range

Overview of CMS EXO results
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"There are more things in
heaven and earth, Horatio, than
are dreamt of in your
philosophy.” -- Hamlet
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.5 BUKRS Guw —+ WW —qqaq  Des 2 - 130 [Gemass 16TeV. ATLASCONF-2019.009
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Concluding remarks

- SM works even better than one may expect
- Many facts telling us the SM can not be the final theory
- Many extensions of SM (BSM theories and models)

- Importance of null results in searches for BSM manifestations
allowing to close certain regions of new model parameter spaces

- Intensive searches are continued in all possible ways
at accelerator, collider, Space and Earth experiments

- May be New Physics is just around the corner
but probably new revolutionary (crazy) ideas are needed
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“At this point we notice that this equation is
beautifully simplified if we assume that
space-time has 92 dimensions.”

I_!'_le 5th Wave By Rich Tennant
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“ Along with ‘Antimatter, and ‘Dark Mattey;
we’'ve recently discovered the existence of
‘Doesn’t Matter, which appears to have no

effect on the universe whatsoever.”



"It doesn't matter how beautiful your theory is,

it doesn't matter how smart you are.

If it doesn't agree with experiment, it's wrong”.
Richard P. Feynman



Thank you!
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CMS Preliminary

Searches for Z' in dileptons
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Majorana neutrinos

Heavy Majorana neutrino (HMN) from
seesaw

Signature: two same sign py, VBF jets

Limits:

HMN exclusion up to mN = 23 TeV!
n Also constrain the EFT dim-5
Weinberg operator C5
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