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Open Questions
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DM ? mH << ΛP ?

α=αW=αS?

me << mt ?

mν ?
lepton 

& quark?

baryon 
asym. ?

gravitation?

3 gen. ?



Answers?
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Plenaries  
3 & 4  
(Tue,  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Searches
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cern.ch
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collider
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Collider Non-Collider

DirectIndirect

?
B0 K*?

This summer (≤4 months)

• 20 new results by CMS

• 20 new results by ATLAS  
                 vs.

• 30’ time for this talk

Pavel Krokovny (Wednesday)
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Spoiler Alert!
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ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 1711.033017.7 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.091278.9 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 1707.041474.1 TeVGKK mass

Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 CERN-EP-2018-1792.3 TeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 36.1 1707.024244.5 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass

Leptophobic Z ′ → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 1% 1804.108233.0 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 79.8 ATLAS-CONF-2018-0175.6 TeVW′ mass

SSM W ′ → τν 1 τ − Yes 36.1 1801.069923.7 TeVW′ mass

HVT V ′ →WV → qqqq model B 0 e, µ 2 J − 79.8 gV = 3 ATLAS-CONF-2018-0164.15 TeVV′ mass

HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 1712.065182.93 TeVV′ mass

LRSM W ′
R
→ tb multi-channel 36.1 CERN-EP-2018-1423.25 TeVW′ mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ

CI ℓℓqq 2 e, µ − − 36.1 η−LL 1707.0242440.0 TeVΛ

CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π CERN-EP-2018-1742.57 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) = 1 GeV 1711.033011.55 TeVmmed

Colored scalar mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 g=1.0, m(χ) = 1 GeV 1711.033011.67 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 3.2 β = 1 1605.060351.1 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 3.2 β = 1 1605.060351.05 TeVLQ mass

Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 1508.04735640 GeVLQ mass

VLQ TT → Ht/Zt/Wb + X multi-channel 36.1 SU(2) doublet ATLAS-CONF-2018-0321.37 TeVT mass

VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet ATLAS-CONF-2018-0321.34 TeVB mass

VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 CERN-EP-2018-1711.64 TeVT5/3 mass

VLQ Y →Wb + X 1 e, µ ≥ 1 b, ≥ 1j Yes 3.2 B(Y →Wb)= 1, c(YWb)= 1/
√
2 ATLAS-CONF-2016-0721.44 TeVY mass

VLQ B → Hb + X 0 e,µ, 2 γ ≥ 1 b, ≥ 1j Yes 79.8 κB= 0.5 ATLAS-CONF-2018-0241.21 TeVB mass

VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 37.0 only u∗ and d∗, Λ = m(q∗) 1703.091276.0 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 36.1 1805.092992.6 TeVb∗ mass

Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass

Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 1 e, µ ≥ 2 j Yes 79.8 ATLAS-CONF-2018-020560 GeVN0 mass

LRSM Majorana ν 2 e, µ 2 j − 20.3 m(WR ) = 2.4 TeV, no mixing 1506.060202.0 TeVN0 mass

Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production 1710.09748870 GeVH±± mass

Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±
L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Monotop (non-res prod) 1 e, µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass

Multi-charged particles − − − 20.3 DY production, |q| = 5e 1504.04188785 GeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: July 2018

ATLAS Preliminary∫
L dt = (3.2 – 79.8) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).

twitter.com/DrAndreDavid

No significant deviations  
from the SM observed so far.

One single discovery  
may turn particle  
physics upside down.  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New results

• HH comb.

• HH → 2b2τ
• VV/H comb. 

• γ-jets

m(boson+boson)

background

N
o.

 o
f 

ev
en

ts

signal : 
? → boson + boson

mH << ΛP ?
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Three analyses combined
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• bbγγ
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CONF-2018-043
09/18
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H
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-

http://cdsweb.cern.ch/record/2638212
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New results

• B → Hb

• X → Wt

• Q → Zq

• All-had.

• Same-sign

• VLQ comb.

• XX
mH << ΛP ?

elektroweak scale

proton mass

electron mass

Planck scale 1019 GeV

102 GeV

100 GeV

10-3 GeV

? ?
bound states 

of a new 
strong force T, B

Λ

me << mt ?
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• 2𝓵 and ≥3𝓵 signal regions; 2𝓵 (≥3𝓵) more sensitive to B→Zb (T→Zt)

T

T Z→𝓵+𝓵-

t 1806.10555
06/18B

B Z→𝓵+𝓵-

b

• Modelling of 
   main bkgs.  
   controlled in  
   bkg.-enriched 
   regions

https://arxiv.org/abs/1806.10555
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• Counting experiment  
   in 8 regions

• Instrumental bkg.  
   (fake leptons & mis-ID  
   electron charge)  
   estimated from data 
 
 

B

B W
t T

T H

t 1807.11883
07/18

e-

e-

e+
e-

https://arxiv.org/abs/1807.11883
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• Suppression of large multijet background challenging

• Multi-class DNN tagger for hadronic resonances

• Matrix-element method testing the signal hypothesis 

T

T Z→qq

t→qq’b B

B H→bb

t→qq’b 1808.01771
08/18

- -

--

https://arxiv.org/abs/1808.01771
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VLQ Combination
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 BR(Hb) + BR(Wt) + BR(Zb) = 1T,B

T,B
1808.02343

08/18

• Combination of

• 6 searches for T

• 4 searches for B

• Assuming only 
  decays to SM 
  particles: exclude

• mT < 1.31 TeV

• mB < 1.03 TeV

https://arxiv.org/abs/1808.02343


• H → γγ decay

• Loose b-tagging at high pT

• Continuum γγ bkg. estimated 
  from data in events with  
  mγγ in 105-120/130-160 GeV

Single Production: B → Hb

14

mB < 1.21 TeV  
excluded in  
doublet model  
for benchmark 
coupling value

CONF-2018-024
07/18
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Single Production: B and X → Wt
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q’

B → Wt
X → Wt

b  
t

q
W 1809.08597

09/18

• ℓ+jets channel

• Categories based 
   on top-, W- & b-tags

• Limits depend on width  
   (defined by coupling value)
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Pair Production: XX (X → Wt)
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1810.03188
10/18

X → Wt

X → Wt
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SS dilepton and
1-lepton combination
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• ℓ±ℓ± channel: low background

• dominates at low mX

• ℓ+jets channel: high acceptance

• dominates at high mX

• Combination improves sensitivity 

𝓵+jets 𝓵±𝓵±combination

https://arxiv.org/abs/1810.03188
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New results

• H + DM

• H + DM

• H → DM

• γ + DM

• t(t) + DM

• Dark E

EFT

DM

DM

DM

DM

DM  
 

mediator

DM ?

mH << ΛP ?-



H → DM
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1809.06682 
09/18

• Vector-boson fusion 
   → 2 jets with large Δη & mjj

• large ETmiss
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BR(H→inv.) < 0.32 (90% CL) → limit on σspin-indep. (Fox et al. 2012)

https://arxiv.org/abs/1809.06682
https://arxiv.org/abs/1809.05937
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.056011
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DM ?

mH << ΛP ?

DM  
 

mediator

?
New results

• Dijet

• Dijet+ISR

• Trijet

• W’ → tb

• Z’ → Tt 

• W’ → Tb
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• inv. mass of 2 “wide jets”

  (= all jets with ΔR < 1.1)

• new bkg. estimate  
  using regions with  
  |Δη| > 1.1

PAS-EXO-17-026
09/18

http://cds.cern.ch/record/2637847
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?
b

b
trigger  
high-pT 
ISR jet

b
b

boost 
from recoil

• Large-R jet must be  
   2-prong-like (DDT)

• Search for bump in  
   large-R jet mass

PAS-EXO-17-024
07/18
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Main background: QCD multijet

• Estimated from control regions 
   with inverted Higgs-/top-tagging

• Not (yet) sensitive to benchmark  
  W’ model  
 (specific mixing & BR(Ht/b) = 50%)

q

q’

W’
b,t

T,B t,b

H → bb
search in

allhadronic 
final state

Higgs-tag

top-tag

b-tag

https://cds.cern.ch/record/2631600
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New results

• LQ → q + e

• LQ → b + τ
• LQ → DM

• Heavy ν
• Vector-like ℓ 

• ℓ* → ℓγ
• ? → e μ
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Flavor anomalies

• in B → D(*) τ ν
• in B → K* μ μ (e e)
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PAS-EXO-17-016
07/18  

LQ

LQ
b
τ

b
τ

⇒ LQ that preferentially couples to b & τ ?

• 2 hadronically 
  decaying τ
• no b-tagging

• STMET = Σ of

• pT (τ1 & τ2)

• pT (j1 & j2)

• ETmiss

http://cds.cern.ch/record/2628542
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PAS-EXO-17-015
07/18  
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• “Mono-LQ” search

• Peak in mμj + ETmiss

http://cds.cern.ch/record/2628478


Heavy Neutrino
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Dirac-NR → ℓ+ℓ- only

Majorana-NR → ℓ±ℓ± & ℓ+ℓ-

m(WR)>m(NR)→ mllqq~ m(WR)

else → mqq ~ m(WR)

jets mergedominated by  
same-sign analysis

assuming no mixing between flavors:

https://arxiv.org/abs/1809.11105
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• Naturally solves hierarchy problem 
   if m(top) ~ m(stop)

• Often R-parity conservation assumed

• Lightest supersymmetric particles 
  (LSP) is DM candidate

• Large ETmiss

New results

• bbhh + MET

• b-jets+MET(+ℓ)

• τ + jets + MET

• γ + jets + MET

• Razor vars.

•  ? → τ + MET

• H(+/-) → τ ν
• ? → W + MET

• t(t) + MET

• γ + ℓ + MET

-
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• 1e & 1μ &  
   ≥ 2 jets with ≥ 1 b-tag

• Stop quarks excluded for 
   m < 210 GeV if  
   Δm(t, χ10) = m(t) 

Stop → top + neutralino

PAS-SUS-18-003
09/18

• Challenging if  
    Δm(t, χ10) ≈ m(t)

• MT2: kinematic  
  endpoint for tt
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2
χ∼ b → 1b~ production ; 1b~ 1b~       

, 95% CL-1=13 TeV, 79.8 fbs
 PreliminaryATLAS

• ≥4 b-jets

• large ETmiss

• large ΣpT + ETmiss 

Sbottom → bottom + h + neutralino
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• Naturally solves hierarchy problem 
   if m(top) ~ m(stop)

• Often R-parity conservation assumed

• Lightest supersymmetric particles 
  (LSP) is DM candidate

• Large ETmiss

New results

• bbhh + MET

• b-jets+MET(+ℓ)

• τ + jets + MET

• γ + jets + MET

• Razor vars.

•  ? → τ + MET

• H(+/-) → τ ν
• ? → W + MET

• t(t) + MET

• γ + ℓ + MET

-
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• pT(γ) > 100 GeV

• ≥ 2 jets

• large ETmiss & ΣpT(objects)

• 25 SRs based on:

• #jets

• #b-jets

• ETmiss

• Gauge-mediated SUSY  
   breaking

• LSP = gravitino

• BR(HG) = 50%
~

Δm small → soft final state

m(χ1
0) small → lower ET

miss~

https://cds.cern.ch/record/2638619
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Razor Variables
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PAS-SUS-16-017
09/18

• Generic search for R-parity SUSY

• Using ‘razor’ variables MR and R2 

• Bins of MR and R2 = (MR / MTR)2:

• 2 ‘megajets’ (minimizing Σm2)  
 
 
 

• Categorized in #ℓ (0/1),  
   #W-tags, #top-tags,  
   #jets, #b-jets

https://cds.cern.ch/record/2637598
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• Naturally solves hierarchy problem 
   if m(top) ~ m(stop)

• Often R-parity conservation assumed

• Lightest supersymmetric particles 
  (LSP) is DM candidate

• Large ETmiss

New results

• bbhh + MET

• b-jets+MET(+ℓ)
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• Razor vars.
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CONF-2018-042  
07/18

• EW production

• May be first sign of SUSY  
   if gluinos and squarks 
   have very large mass

• ℓ+ℓ- and large ETmiss

• Search in MT2 bins in  
   4 different regions:

• same ℓ flavor, 0 (1) jets

• different flavor, 0 (1) jets

https://cds.cern.ch/record/2632578


Conclusions
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• Rich search program ongoing

• Advancements in experimental techniques & strategies

• No significant excess found so far

• Hence, many extensions of the SM strongly constrained

• Can be reinterpreted in many other models

• Many searches provided in HEPData for 
   reinterpretation in alternative models


