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Exotics land

[picture by H. Murayama]
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Exotics compass

[background picture by H. Murayama]
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Outline

1. Mono-jet search
2. High-mass resonance to photon pairs*
3. High-mass resonance to tau pairs*

4. Charged lepton search
5. Same-sign lepton search
6. VLQ search in Wt+X*

7. Multi-charge particle search*
8. Displaced jets*

9. Displaced lepton-jets

DISCLAIMER
Impossible to cover the whole spectrum of searches.

Had to make choices, focus on fresh results.
* Searches presented at this conference for the first time!

All ATLAS exotics results can be accessed at ExoticsPublicResults.
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Mono-X searches for dark matter (and not only!)

DM itself invisible to detector

I need something to tag (and trigger) on

I MET-based searches

Assumptions:

I interaction mediated by a new particle too
heavy to be produced directly

I EFT approach

The big quest

contact interaction described with EFT approach
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Mono-jet search [arXiv:1502.01518]

I at least one jet with ET > 120 GeV and no leptons

I nine signal regions with increasing MET requirements up to 700 GeV

I SUSY and invisible Higgs interpretations included

MET distribution in one signal region
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Extensive search program conducted by ATLAS. The Higgs is also entering in the game.
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Extensive search program conducted by ATLAS. The Higgs is also entering in the game.

Z

χ

χ̄

q

q̄

bg

b

χ

χ̄

d

u
+

W

χ

χ

q

q̄

Z/γ∗

Z

χ

χ̄

b̄, t̄

b, tg

g

χ

χ̄

d

u

+
W

χ

χ

q

q̄ χ

χ̄

γ

b

g

b

χ

χ̄

φ

q

q̄

γ

γ

χ

χ̄

 [GeV]χm
1 10 210

3
10

-4610

-4410

-4210

-4010

-3810

-3610

SIMPLE 2011
-

W+IceCube W

bIceCube b

COUPP 2012

PICASSO 2012

D9:obs

)χχD9: ATLAS 7TeV j(

 = 8 TeVs  
-1

        20.3 fb

spin-dependent

ATLAS

 [GeV]χm
1 10 210

3
10

]2
-N

 c
ro

ss
-s

ec
tio

n 
[c

m
χ

-4610

-4410

-4210

-4010

-3810

-3610
D5(u=-d):obs

D5(u=d):obs

)χχD5:ATLAS 7TeV j(

COUPP 2012

CoGeNT 2010

XENON100 2012

CDMS low-energy

spin-independent

90% CL

 [GeV]χm
1 10 210

]2
 [c

m
-NχSI σ

-4510

-4410

-4310

-4210

-4110

-4010

-3910

-3810

-3710

-3610

-3510

-3410
ATLAS

πall limits at 90% CL, g=4

 = 8 TeVs, -120.3 fb
ATLAS Scalar (D1)
SuperCDMS (2013)
LUX (2013)

 [GeV]
χ

m
1 10 210 310

]2
 se

cti
on

 [c
m

-nu
cle

on
 cr

os
s

χ

-4610
-4510
-4410
-4310
-4210
-4110
-4010
-3910
-3810
-3710
-3610
-3510
-3410
-3310
-3210
-3110
-3010

spin independent

D1
D5

)χχD5 ATLAS 8 TeV W/Z had.(
)χχD1 ATLAS 7 TeV jet(
)χχD5 ATLAS 7 TeV jet(

CoGeNT 2010
CDMS 2014
XENON100 2012
LUX 2014

ATLAS

∫ -1L=20.3 fb

=8 TeV   90% C.L.s

1k
0 0.2 0.4 0.6 0.8 1

2k

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

98

279

352

404

446

176

287

356

407

448

219

295

363

409

448

251

306

366

412

452

276

320

373

416

454

ATLAS
s-channel EFT model

 = 8 TeVs -1Ldt = 20.3 fb∫
)theoσ 1 ±Observed limit (

)expσ 1 ±Expected limit (
Excluded region

 [G
eV

]
*

Nu
mb

ers
 gi

ve
 95

% 
CL

 ex
clu

de
d M

 [GeV]q~m
100 150 200 250 300

 [G
eV

]
0 1χ∼

m- q~m

5
10
15
20
25
30
35
40
45
50

51.0

75.4

39.2

49.3

31.1

39.6

25.6

31.0

24.3

27.5

218 92 61.3

305 162 116

ATLAS  = 8 TeV,s -1Ldt = 20.3 fb∫
)theoσ 1 ±Observed limit (

)expσ 1 ±Expected limit (

Nu
mb

ers
 gi

ve
 95

% 
CL

 ex
clu

de
d c

ros
s s

ec
tio

n [
fb]

Andrea Coccaro 8

6 March, 2015



High-mass resonance to τ pairs [arXiv:1502.07177]

Heavy Z ′ search

I both leptonic and hadronic τ decays considered

I background for the hadronic channel estimated from simulated Z/γ∗ → ττ and validated
with data using decays to electrons and muons

I background at low mass dominated by QCD multi-jet
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Figure 7. Acceptance and Acceptance ⇥ E�ciency for a Z 0
SSM as a function of the Z 0

SSM mass.

Contributions from the individual channels and the full analysis are given.

Bayesian 95% credibility upper limits are set on the cross section times branching480

fraction for a high-mass resonance decaying into a ⌧+⌧� pair as a function of the resonance481

mass, using the Bayesian Analysis Toolkit [79]. Figures 8 (left) and 8 (right) show the482

limits for the individual channels and for the combination, respectively. The resulting 95%483

credibility lower limit on the mass of a Z 0
SSM decaying to ⌧+⌧� pairs is 2.02 TeV, with an484

expected limit of 1.95 TeV. The observed and expected limits in the individual channels485

are, respectively: 1.89 and 1.80 TeV (⌧had⌧had); 1.59 and 1.59 TeV (⌧µ⌧had); and 1.55 and486

1.65 TeV (⌧e⌧had). The total acceptance times e�ciency for Z 0
SSM ! ⌧⌧ including the487

⌧had⌧had and ⌧lep⌧had channels is approximately 6% for mZ0 � 750 GeV and drops to 2.5%488

at mZ0 = 500 GeV. Alteration of the Z 0 couplings can impact the signal acceptance as489

described in Section 8.1. These changes translate linearly to the experimental cross section490

limit. Limits on the Z 0
L and Z 0

R models are shown in Figure 8 (right). The impact of the491

choice of the prior on the signal strength parameter has been evaluated by also considering492

the reference prior [80]. Use of the reference prior improves the cross section limit by a493

maximum of 10%, corresponding to an increase of 20 GeV in the observed mass limit.494

Limits are also calculated in the non-universal G(221) model. The signal contributions495

in the ⌧had⌧had and ⌧lep⌧had channels are rescaled by the product of the cross section times496

ditau branching fraction and acceptance ratios, r�B · rA (as derived in Section 8.2). In497

addition, the systematic uncertainties are re-evaluated for each point in parameter space.498

Figure 9 shows the region in the Z 0
NU parameter space excluded at 95% credibility. Z 0

NU499

bosons with masses below 1.3–2.1TeV are excluded in the range 0.03 < sin2 � < 0.5500

assuming no µ-⌧ mixing. Indirect limits are also overlaid.501

– 18 –
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10 Conclusion502

A search for high-mass ditau resonances has been performed using 19.5–20.3 fb�1 of data503

collected with the ATLAS detector in pp collisions at
p

s = 8 TeV at the LHC. The ⌧had⌧had,504

– 19 –
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High-mass resonance to photon pairs [publication coming!]

Looking for high-mass state decaying to photons

I clean experimental signature with excellent mass resolution

I irreducible background from prompt di-photon production and photon misidentification

I looking for excited gravitons assuming different couplings with the SM
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Search with charged leptons [arXiv:1411.2921]

General search

I at least three charged leptons

I at least two electrons or muons

I interpretation for excited leptons and pair-production of
doubly charged Higgs bosons (with a focus on LFV)

pT distribution for hadronic
tau candidates
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Search with same-sign leptons [arXiv:1412.0237]

Generic search

I isolated lepton pairs with the same electric
charge

I invariant mass distributions inspected

I charge misidentification probability in electrons
is studied in data with Z decays

I charge misidentification in muons is found
negligible

I constraints on doubly charged Higgs bosons ) [GeV]±±m(H
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VLQ search in Wt+X [publication coming!]

Searching for pair production of heavy vector-like
down-time quarks (B quarks)

I events with one lepton, MET and jets are
considered

I tagging of b-jets and W /Z hadronic decays

I signal region defined as at least 6 jets, at least
1 b-jet, at least one hadronic W /Z and
HT > 500 GeV
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Extensive search program conducted by ATLAS. More signatures being planned for Run-II.
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Multi-charge particle search [publication coming!]

Looking for anomalously high ionisation
loss consistent with stable massive particles

I single muon and MET triggers

I ionisation estimators defined using
pixel dE/dx , TRT dE/dx , MDT
dE/dx and fraction of high threshold
TRT hits

I charges from 2e to 6e

I DY production mode MCP mass [GeV]
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Displaced jets [PLB 743 (2015) 15-34]

Unique analysis, signature never explored before

I signature-driven trigger
[JINST 8 (2013) P07015]

I two object strategy looking for displaced
hadronic jets (unbalanced energy deposit
in the calorimeters)

I background dominated by QCD jets and
estimated with a data-driven technique
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Displaced lepton-jets [JHEP 11 (2014) 088]
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Analysis optimized for looking into displaced lepton-jets in a
model-independent way

I QCD multi-jet background calculated with ABCD method

I cosmics background estimated analysis the empty bunches

I benchmarks targeting dark photon production through exotic
Higgs decay
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Vector portal model interpretation [JHEP 11 (2014) 088]Introduction

Useful references

Several BSM models predict final states containing Lepton Jets  

hidden particles decay back to SM: ex. 
dark-photons to collimated pair of leptons 
(lepton-jets)

portal to hidden sector: ex. higgs

kinetic mixing 

Lifetime depends on the size of kinetic 
mixing ε: small ε → very displaced decays

2

Ud (1) gauge invariance resulting in a
kinetic mixing between the SM
hypercharge and the dark photon

I the strength of the interaction
by the ε parameter

I production of prompt/displaced
collimated/nearly-collimated
leptons
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plot of the vector-portal interpretation.

Previously unexplored region is now constrained by ATLAS.
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Impressive Run-I legacy results - and more to come in the coming weeks/months! Energy
increase in Run-II is a tremendously exciting opportunity for finding new physics and it’s just
around the corner!

Model ℓ, γ Jets Emiss
T

∫
L dt[fb−1] Mass limit Reference
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CI
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LQ
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Ex
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ns
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ADD GKK + g/q − 1-2 j Yes 4.7 n = 2 1210.44914.37 TeVMD

ADD non-resonant ℓℓ 2e,µ − − 20.3 n = 3 HLZ ATLAS-CONF-2014-0305.2 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 to be submitted to PRD5.82 TeVMth

ADD BH high Ntrk 2 µ (SS) − − 20.3 n = 6, MD = 1.5 TeV, non-rot BH 1308.40755.7 TeVMth

ADD BH high ∑ pT ≥ 1 e, µ ≥ 2 j − 20.3 n = 6, MD = 1.5 TeV, non-rot BH 1405.42546.2 TeVMth

RS1 GKK → ℓℓ 2 e,µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass
RS1 GKK →WW → ℓνℓν 2 e,µ − Yes 4.7 k/MPl = 0.1 1208.28801.23 TeVGKK mass
Bulk RS GKK → ZZ → ℓℓqq 2 e,µ 2 j / 1 J − 20.3 k/MPl = 1.0 ATLAS-CONF-2014-039730 GeVGKK mass
Bulk RS GKK → HH → bb̄bb̄ − 4 b − 19.5 k/MPl = 1.0 ATLAS-CONF-2014-005590-710 GeVGKK mass
Bulk RS gKK → tt 1 e,µ ≥ 1 b, ≥ 1J/2j Yes 14.3 BR = 0.925 ATLAS-CONF-2013-0522.0 TeVgKK mass

S1/Z2 ED 2 e,µ − − 5.0 1209.25354.71 TeVMKK ≈ R−1

UED 2 γ − Yes 4.8 ATLAS-CONF-2012-0721.41 TeVCompact. scale R−1

SSM Z ′ → ℓℓ 2 e,µ − − 20.3 1405.41232.9 TeVZ′ mass
SSM Z ′ → ττ 2 τ − − 19.5 ATLAS-CONF-2013-0661.9 TeVZ′ mass
SSM W ′ → ℓν 1 e,µ − Yes 20.3 ATLAS-CONF-2014-0173.28 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 ATLAS-CONF-2014-0391.59 TeVW′ mass
LRSM W ′

R → tb 1 e,µ 2 b, 0-1 j Yes 14.3 ATLAS-CONF-2013-0501.84 TeVW′ mass
LRSM W ′

R
→ tb 0 e,µ ≥ 1 b, 1 J − 20.3 to be submitted to EPJC1.77 TeVW′ mass

CI qqqq − 2 j − 4.8 η = +1 1210.17187.6 TeVΛ

CI qqℓℓ 2 e,µ − − 20.3 ηLL = −1 ATLAS-CONF-2014-03021.6 TeVΛ

CI uutt 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 14.3 |C | = 1 ATLAS-CONF-2013-0513.3 TeVΛ

EFT D5 operator (Dirac) 0 e,µ 1-2 j Yes 10.5 at 90% CL for m(χ) < 80 GeV ATLAS-CONF-2012-147731 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 − 1.0 β = 1 1112.4828660 GeVLQ mass
Scalar LQ 2nd gen 2 µ ≥ 2 j − 1.0 β = 1 1203.3172685 GeVLQ mass
Scalar LQ 3rd gen 1 e, µ, 1 τ 1 b, 1 j − 4.7 β = 1 1303.0526534 GeVLQ mass

Vector-like quark TT → Ht + X 1 e,µ ≥ 2 b, ≥ 4 j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018790 GeVT mass
Vector-like quark TT →Wb + X 1 e,µ ≥ 1 b, ≥ 3 j Yes 14.3 isospin singlet ATLAS-CONF-2013-060670 GeVT mass
Vector-like quark TT → Zt + X 2/≥3 e, µ ≥2/≥1 b − 20.3 T in (T,B) doublet ATLAS-CONF-2014-036735 GeVT mass
Vector-like quark BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet ATLAS-CONF-2014-036755 GeVB mass
Vector-like quark BB →Wt + X 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051720 GeVB 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∗) to be submitted to PRD4.09 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

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 to be submitted to PLB960 GeVaT mass
LRSM Majorana ν 2 e,µ 2 j − 2.1 m(WR ) = 2 TeV, no mixing 1203.54201.5 TeVN0 mass
Type III Seesaw 2 e,µ − − 5.8 |Ve |=0.055, |Vµ |=0.063, |Vτ |=0 ATLAS-CONF-2013-019245 GeVN± mass
Higgs triplet H±± → ℓℓ 2 e,µ (SS) − − 4.7 DY production, BR(H±± → ℓℓ)=1 1210.5070409 GeVH±± mass
Multi-charged particles − − − 4.4 DY production, |q| = 4e 1301.5272490 GeVmulti-charged particle mass
Magnetic monopoles − − − 2.0 DY production, |g | = 1gD 1207.6411862 GeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 7 TeV

√
s = 8 TeV

ATLAS Exotics Searches* - 95% CL Exclusion
Status: ICHEP 2014

ATLAS Preliminary∫
L dt = (1.0 - 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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*Only a selection of the available mass limits on new states or phenomena is shown.

THANK YOU !
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