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Status of new physics after LHC Run 1

A lack of signs of new physics, despite extensive searches, is one of
the most important results from Run 1.

But we must keep in mind the assumptions we make in all these
searches.

One of the most common is that new particles will decay promptly.

Model ℓ, γ Jets Emiss
T

∫
L dt[fb−1] Limit Reference

E
xt

ra
di

m
en

si
on

s
G

au
ge

bo
so

ns
C

I
D

M
LQ

H
ea

vy
qu

ar
ks

E
xc

ite
d

fe
rm

io
ns

O
th

er

ADD GKK + g/q − ≥ 1 j Yes 20.3 n = 2 1502.015185.25 TeVMD

ADD non-resonant ℓℓ 2e, µ − − 20.3 n = 3 HLZ 1407.24104.7 TeVMS

ADD QBH→ ℓq 1 e, µ 1 j − 20.3 n = 6 1311.20065.2 TeVMth

ADD QBH − 2 j − 20.3 n = 6 1407.13765.82 TeVMth

ADD BH high Ntrk 2 µ (SS) − − 20.3 n = 6, MD = 3 TeV, non-rot BH 1308.40754.7 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 20.3 n = 6, MD = 3 TeV, non-rot BH 1405.42545.8 TeVMth

ADD BH high multijet − ≥ 2 j − 20.3 n = 6, MD = 3 TeV, non-rot BH 1503.089885.8 TeVMth

RS1 GKK → ℓℓ 2 e, µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass
RS1 GKK → γγ 2 γ − − 20.3 k/MPl = 0.1 1504.055112.66 TeVGKK mass
Bulk RS GKK → ZZ → qqℓℓ 2 e, µ 2 j / 1 J − 20.3 k/MPl = 1.0 1409.6190740 GeVGKK mass
Bulk RS GKK →WW → qqℓν 1 e, µ 2 j / 1 J Yes 20.3 k/MPl = 1.0 1503.04677760 GeVW′ mass
Bulk RS GKK → HH → bb̄bb̄ − 4 b − 19.5 k/MPl = 1.0 1506.00285500-720 GeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 20.3 BR = 0.925 1505.070182.2 TeVgKK mass

2UED / RPP 2 e, µ (SS) ≥ 1 b, ≥ 1 j Yes 20.3 1504.04605960 GeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 20.3 1405.41232.9 TeVZ′ mass
SSM Z ′ → ττ 2 τ − − 19.5 1502.071772.02 TeVZ′ mass
SSM W ′ → ℓν 1 e, µ − Yes 20.3 1407.74943.24 TeVW′ mass
EGM W ′ →WZ → ℓν ℓ′ℓ′ 3 e, µ − Yes 20.3 1406.44561.52 TeVW′ mass
EGM W ′ →WZ → qqℓℓ 2 e, µ 2 j / 1 J − 20.3 1409.61901.59 TeVW′ mass
EGM W ′ →WZ → qqqq − 2 J − 20.3 1506.009621.3-1.5 TeVW′ mass
HVT W ′ →WH → ℓνbb 1 e, µ 2 b Yes 20.3 gV = 1 1503.080891.47 TeVW′ mass
LRSM W ′

R
→ tb 1 e, µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass

LRSM W ′
R
→ tb 0 e, µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 17.3 ηLL = −1 1504.0035712.0 TeVΛ

CI qqℓℓ 2 e, µ − − 20.3 ηLL = −1 1407.241021.6 TeVΛ

CI uutt 2 e, µ (SS) ≥ 1 b, ≥ 1 j Yes 20.3 |CLL | = 1 1504.046054.3 TeVΛ

EFT D5 operator (Dirac) 0 e, µ ≥ 1 j Yes 20.3 at 90% CL for m(χ) < 100 GeV 1502.01518974 GeVM∗
EFT D9 operator (Dirac) 0 e, µ 1 J, ≤ 1 j Yes 20.3 at 90% CL for m(χ) < 100 GeV 1309.40172.4 TeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 20.3 β = 1 Preliminary1.05 TeVLQ mass
Scalar LQ 2nd gen 2 µ ≥ 2 j − 20.3 β = 1 Preliminary1.0 TeVLQ mass
Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 Preliminary640 GeVLQ mass

VLQ TT → Ht + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 T in (T,B) doublet 1505.04306855 GeVT mass
VLQ YY →Wb + X 1 e, µ ≥ 1 b, ≥ 3 j Yes 20.3 Y in (B,Y) doublet 1505.04306770 GeVY mass
VLQ BB → Hb + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 isospin singlet 1505.04306735 GeVB mass
VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet 1409.5500755 GeVB mass
T5/3 →Wt 1 e, µ ≥ 1 b, ≥ 5 j Yes 20.3 1503.05425840 GeVT5/3 mass

Excited quark q∗ → qγ 1 γ 1 j − 20.3 only u∗ and d∗, Λ = m(q∗) 1309.32303.5 TeVq∗ mass
Excited quark q∗ → qg − 2 j − 20.3 only u∗ and d∗, Λ = m(q∗) 1407.13764.09 TeVq∗ mass
Excited quark b∗ →Wt 1 or 2 e, µ 1 b, 2 j or 1 j Yes 4.7 left-handed coupling 1301.1583870 GeVb∗ mass
Excited lepton ℓ∗ → ℓγ 2 e, µ, 1 γ − − 13.0 Λ = 2.2 TeV 1308.13642.2 TeVℓ∗ mass
Excited lepton ν∗ → ℓW , νZ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 1407.8150960 GeVaT 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 e, µ (SS) − − 20.3 DY production, BR(H±±L → ℓℓ)=1 1412.0237551 GeVH±± mass
Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, BR(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 Preliminary1.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 7 TeV

√
s = 8 TeV

ATLAS Exotics Searches* - 95% CL Exclusion
Status: July 2015

ATLAS Preliminary∫
L dt = (4.7 - 20.3) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
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Motivations for long-lived particles

Assuming new particles are long-lived (LL) complicates analysis
stategies, background estimation, systematic uncertainties, etc.
But there are several reasons this could be and a plethora of models
that realize them:

heavy intermediate particles (hidden valley models, split SUSY, etc.)
weak couplings (couplings to G̃, RPV couplings, etc.)
very limited phase space (e.g. AMSB χ̃±

1 decays)

This talk summarizes searches for weakly interacting, LL particles;
i.e., searches for decay products displaced to various degrees from the
interaction point.
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Displaced vertices (cτ∼1 cm)

Displaced vertices (DV) formed from
clusters of ≥5 tracks.

Dilepton vertices formed from e±e∓, µ±µ∓,
e±µ∓ pairs.

Density map of ATLAS used to veto
vertices in dense material.

Backgrounds from accidental crossings and
merged vertices taken from data.
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No events observed in any of the
seven signal regions.

Channel No. of background vertices (×10−3)
DV+jet 410± 7± 60
DV+Emiss

T 10.9± 0.2± 1.5
DV+muon 1.5± 0.1± 0.2
DV+electron 207± 9± 29

Channel No. of background vertices (×10−3)
e+e− 1.0± 0.2 +0.3

−0.6

e±µ∓ 2.4± 0.9 +0.8
−1.5

µ+µ− 2.0± 0.5 +0.3
−1.4
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Displaced vertices (cτ∼1 cm)

Displaced vertices (DV) formed from
clusters of ≥5 tracks.

Dilepton vertices formed from e±e∓, µ±µ∓,
e±µ∓ pairs.

Density map of ATLAS used to veto
vertices in dense material.

Backgrounds from accidental crossings and
merged vertices taken from data.
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Limits set on several SUSY models.
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Displaced µµ (muon chambers only) (cτ∼100 cm)
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CMS Preliminary CMS also looked for dimuon vertices with only
muon chambers, vetoing muons matching
tracks from the inner tracker.

Background estimated from candidates in data
with anti-aligned momentum and position
vectors.

Zero events predicted and observed; combined with results using inner
tracker to set limits on hidden valley scalars (X) and RPV χ̃0.
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Displaced SUSY (cτ∼1 cm)
t̃t̃ ! be bµ
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1 Introduction and Theoretical Motivation

t̃t̃ ! be bµ

The discovery of a new boson with a mass of roughly 126 GeV
[1, 2], whose properties are, to-date, consistent with a stan-
dard model (SM) Higgs boson, has underscored the impor-
tance of investigating models that are designed to account
for the mathematical inconsistencies that are consequences
of introducing the Higgs potential.

For this search, the most relevant of these unsolved issues

beamspot

x

y

z

CMS Simulation

Isolated e±µ∓ pairs searched for with large
transverse impact parameters (|d0|).

Leptons from LL particle decays have broad
|d0| distributions.

No common vertex required.

No excess observed in any of the three
signal regions.

Signal region Expected Observed
|d0| ∈ (0.02, 0.05) cm 18.0± 0.5± 3.8 19
|d0| ∈ (0.05, 0.1) cm 1.01± 0.06± 0.30 0
|d0| ∈ (0.1, 2) cm 0.051± 0.015± 0.010 0

J. Antonelli B2G Meeting  Dec. 19

Signal/Background Separation 
in Lepton Impact Parameter
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Displaced SUSY (cτ∼1 cm)
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1 Introduction and Theoretical Motivation

t̃t̃ ! be bµ

The discovery of a new boson with a mass of roughly 126 GeV
[1, 2], whose properties are, to-date, consistent with a stan-
dard model (SM) Higgs boson, has underscored the impor-
tance of investigating models that are designed to account
for the mathematical inconsistencies that are consequences
of introducing the Higgs potential.

For this search, the most relevant of these unsolved issues
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z

CMS Simulation

Isolated e±µ∓ pairs searched for with large
transverse impact parameters (|d0|).

Leptons from LL particle decays have broad
|d0| distributions.

No common vertex required.

Limits set on RPV stop pair production
in a “displaced SUSY” model.
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Displaced lepton jets (LJ) (cτ∼10 cm)

Displaced LJs formed by
clustering muons and calo.
deposits isolated from ID tracks.

Cosmic background estimated
from empty bunch crossing data.

Multijets estimated with
data-driven ABCD method. Cone%of%opening%angle%ΔR%
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Data well-described by backgrounds.
All LJ pair types TYPE2-TYPE2 LJs excluded

Data 119 29

Cosmic rays 40 ± 11 ± 9 29 ± 9 ± 29

Multi-jets (ABCD) 70 ± 58 ± 11 12 ± 9 ± 2

Total background 110 ± 59 ± 14 41 ± 12 ± 29
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Displaced lepton jets (LJ) (cτ∼10 cm)

Displaced LJs formed by
clustering muons and calo.
deposits isolated from ID tracks.

Cosmic background estimated
from empty bunch crossing data.

Multijets estimated with
data-driven ABCD method. Cone%of%opening%angle%ΔR%
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Limits set on dark photons (γd).
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Displaced dijets (cτ∼10 cm)
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Displaced vertices formed from tracks in
pairs of jets.

Several variables used to select vertices
compatible with signal.

Multijet background estimated from
data with ABCDEFGH method.

Two sets of selections considered;
background describes the data well for
both.

Loose selection Tight selection

Expected 1.56± 0.25± 0.47 1.13± 0.15± 0.50
Observed 2 1
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Displaced dijets (cτ∼10 cm)
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Displaced vertices formed from tracks in
pairs of jets.

Several variables used to select vertices
compatible with signal.

Multijet background estimated from
data with ABCDEFGH method.

Limits set on hidden valley scalars (X).
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Trackless jets (cτ∼100 cm)

Pairs of trackless jets are used to search
for particles decaying in the HCAL.

No tracks in the ID and little energy in
the ECAL.

Multijet and cosmic backgrounds
estimated from data.
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Trackless jets (cτ∼100 cm)

Pairs of trackless jets are used to search
for particles decaying in the HCAL.

No tracks in the ID and little energy in
the ECAL.

Multijet and cosmic backgrounds
estimated from data.
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Limits set on hidden valley pions (πv).

 proper decay length [m]vπ

-110 1 10

 B
R

 [p
b]

× σ
95

%
 C

L 
U

pp
er

 L
im

it 
on

 

-110

1

10

 50 GeVvπ 300 GeV - mΦm
 50 GeVvπ 600 GeV - mΦm
 150 GeVvπ 600 GeV - mΦm
 50 GeVvπ 900 GeV - mΦm
 150 GeVvπ 900 GeV - mΦm

 50 GeVvπ 300 GeV - mΦm
 50 GeVvπ 600 GeV - mΦm
 150 GeVvπ 600 GeV - mΦm
 50 GeVvπ 900 GeV - mΦm
 150 GeVvπ 900 GeV - mΦm

 50 GeVvπ 300 GeV - mΦm
 50 GeVvπ 600 GeV - mΦm
 150 GeVvπ 600 GeV - mΦm
 50 GeVvπ 900 GeV - mΦm
 150 GeVvπ 900 GeV - mΦm

 50 GeVvπ 300 GeV - mΦm
 50 GeVvπ 600 GeV - mΦm
 150 GeVvπ 600 GeV - mΦm
 50 GeVvπ 900 GeV - mΦm
 150 GeVvπ 900 GeV - mΦm

 50 GeVvπ 300 GeV - mΦm
 50 GeVvπ 600 GeV - mΦm
 150 GeVvπ 600 GeV - mΦm
 50 GeVvπ 900 GeV - mΦm
 150 GeVvπ 900 GeV - mΦm

-1
 L dt = 20.3 fb∫

 = 8 TeVs

ATLAS

)EM/E
H

(E
10

log

-3 -2 -1 0 1 2 3 4 5
F

ra
ct

io
n 

of
 J

et
s

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Multi-jets
Signal: decay in HCal
Signal: decay in ID

ATLAS = 8 TeVs, 
-1

L = 15 nb∫

Andrew Hart (The Ohio State University) Long-lived, weakly interacting particles July 23, 2015 9 / 10

Phys. Lett. B743 (2015) 15-34

http://dx.doi.org/10.1016/j.physletb.2015.02.015


Conclusion
ATLAS and CMS have performed several searches for new weakly
interacting, LL particles.
These searches help fill important gaps in coverage left by more
traditional searches where new physics could hide.
Conversely, a future discovery by one of these searches would be a
striking sign of new physics.

Stay tuned for even more
exciting results during
Run 2!
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RPV χ01 → eeν/eµν/µµν displaced lepton pair 20.3 1504.05162m(g̃) = 1.3 TeV, m(χ01) = 1.0 TeV7-740 mmχ0
1

lifetime

GGM χ01 → ZG̃ displaced vtx + jets 20.3 1504.05162m(g̃) = 1.1 TeV, m(χ01) = 1.0 TeV6-480 mmχ0
1

lifetime

AMSB pp → χ±1χ01,χ+1 χ−1 disappearing track 20.3 1310.3675m(χ±1 ) = 450 GeV0.22-3.0 mχ±
1

lifetime

AMSB pp → χ±1χ01,χ+1 χ−1 large pixel dE/dx 18.4 1506.05332m(χ±1 ) = 450 GeV1.31-9.0 mχ±
1

lifetime

GMSB non-pointing or delayed γ 20.3 1409.5542SPS8 with Λ = 200 TeV0.08-5.4 mχ0
1

lifetime

Stealth SUSY 2 ID/MS vertices 19.5 1504.03634m(g̃) = 500 GeV0.12-90.6 mS̃ lifetime

Hidden Valley H → πvπv 2 low-EMF trackless jets 20.3 1501.04020m(πv) = 25 GeV0.41-7.57 mπv lifetime

Hidden Valley H → πvπv 2 ID/MS vertices 19.5 1504.03634m(πv) = 25 GeV0.31-25.4 mπv lifetime

FRVZ H → 2γd + X 2 e−, µ−,π−jets 20.3 1409.0746H → 2γd + X , m(γd ) = 400 MeV14-140 mmγd lifetime

FRVZ H → 4γd + X 2 e−, µ−,π−jets 20.3 1409.0746H → 4γd + X , m(γd ) = 400 MeV15-260 mmγd lifetime

Hidden Valley H → πvπv 2 low-EMF trackless jets 20.3 1501.04020m(πv) = 25 GeV0.6-5.0 mπv lifetime

Hidden Valley H → πvπv 2 ID/MS vertices 19.5 1504.03634m(πv) = 25 GeV0.43-18.1 mπv lifetime

FRVZ H → 4γd + X 2 e−, µ−,π−jets 20.3 1409.0746H → 4γd + X , m(γd ) = 400 MeV28-160 mmγd lifetime

Hidden Valley Φ→ πvπv 2 low-EMF trackless jets 20.3 1501.04020σ×BR = 1 pb, m(πv) = 50 GeV0.29-7.9 mπv lifetime

Hidden Valley Φ→ πvπv 2 ID/MS vertices 19.5 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.19-31.9 mπv lifetime

Hidden Valley Φ→ πvπv 2 low-EMF trackless jets 20.3 1501.04020σ×BR = 1 pb, m(πv) = 50 GeV0.15-4.1 mπv lifetime

Hidden Valley Φ→ πvπv 2 ID/MS vertices 19.5 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.11-18.3 mπv lifetime

HV Z ′(1 TeV)→ qvqv 2 ID/MS vertices 20.3 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.1-4.9 mπv lifetime

HV Z ′(2 TeV)→ qvqv 2 ID/MS vertices 20.3 1504.03634σ×BR = 1 pb, m(πv) = 50 GeV0.1-10.1 mπv lifetime

cτ [m]0.01 0.1 1 10 100
√
s = 8 TeV

ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: July 2015

ATLAS Preliminary∫
L dt = (18.4 - 20.3) fb−1

√
s = 8 TeV

*Only a selection of the available lifetime limits on new states is shown.
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