{— |

LAPP @D by B8

Exotica™? Speaking
up for Minorities

Tetiana Berger
(LAPP, CNRS, France)

On behalf of ATLAS, CMS and LHCb collaborations

“Exotica = Beyond Standard Model, not SUSY. % A first discussion of 13 TeV results



This talk is meant as an overview. Please see Exotica talks this
afternoon and DM search talks tomorrow for details:

17:20 [28] Searches for Beyond-Standard-Model Higgs bosons in ATLAS ZINONOS, Zinonas
17:40 [41] Highlights of searches for new physics (non-SUSY) with CMS SKHIRTLADZE, Nikoloz
T TUE2 - (18:20-19:20)
U time [id] title presenter
E 18:20 [44] Searches for supersymmetry at CMS in leptonic final states with 13 TeV ~ WELKE, Charles Vincent
Data
S 18:40 [29] Searches for new physics with fermions or jets at the ATLAS detectorin  DANDOY, Jeff
D LHC Run 2
A 19:00 [30] Searches for new physics with bosons at the ATLAS detector in LHC Run IORDANIDOU, Kalliopi
2
Young Scientists Forum 2 - (19:20-19:40)
time [id] title presenter
19:20 [39] Search for New Physics in Z+MET channel at CMS BRODSKI, Michael
19:30 [48] Searches for new physics in jet final states in ATLAS at LHC Run Il AMADIO, Brian Thomas
E DM at 13 TeV and Data Interpretation - (10:50-11:30)
D - Presenters: SALEK, David New signatures of DM at the LHC - (17:00-17:40)
N - Presenters: KOPP, Joachim
E WED2 - (18:20-20:00)
S time [id] title presenter
D 18:20 [50] Baryonic Dark Matter at the LHC DUERR, Michael
A 18:40 [31] Dark matter searches from the ATLAS experiment at LHC Run 2 LEVIN, Dan
19:00 [40] Dark matter searches with CMS JEITLER, Manfred
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What is Exotica?

* Following a discovery of a scalar boson in Run 1 of LHC,
Standard Model (SM) is complete and self-consistent

* But certain aspects of SM do not have an explanation
 Why is Higgs light?

[ 3
* What is dark matter? o
* How to accommodate gravity? LIS
« What is the solution of the id\ iSj :b)
hierarchy problem? e ju\ (-
* Why are there three generations? P
. Ve |[Viil(veh]

FERMIONS

Beyond Standard Model Exotic theories try to address these
guestions.
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Theories not enough! Need models to derive phenomenology
(particle spectrum, production & decays modes)
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Examples of what are we looking for
GRAND UNIFICATION

new vector bosons (Z’, W’,..),
heavy fermions (t’,b’, T, B...),
Vg, leptoquarks, diquarks,
Higgses, etc.

EXTRA DIMENSIONS

Kaluza-Klein excitations of

particles (G*, Z,., Wy, S«

Qi ---), Black Holes, string
resonances...

COMPOSITENESS
excited states of known
particles (I*, g*, Z*, W*,...),
leptoquarks, etc...

HIDDEN/DARK SECTOR TECHNICOLOR
dark photons, hidden new composite particles:
particles, stealth-susy- techni-hadrons (pyc, 1y, etc...),
particles etc... leptoquarks, Ts/3,...
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Experimental Approach: Exotic Search

Search for any deviations from Standard Model predictions
|

\

Direct observation: In-direct observation:
new (e.g. Exotic) resonant or discrepancies in rates of rare processes,
non-resonant structures couplings measurements, etc.

THIS
TALK

Addressed in next talk by
Christian SCHWANENBERGER
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Experimental Approach: Exotic Search

Search for any deviations from Standard Model predictions

)
| Direct observation: \
new (e.g. Exotic) resonant or
non-resonant structures
LOOK FOR SIGNATURES
MADE OF BASIC OBJECTS
Je.ts, Bosons Leptons Unconventional
ZTJ:E», (v,yW,2) (e, p, 1) Particles ﬁ_ r
AS MANY AS MODEL PROVIDE
SIGNATURES INDEPENDENT AS BENCHMARK

AS POSSIBLE POSSIBLE MODEL RESULTS
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Recap of results from the Run 1

No evidence for New Phenomena Seen! Limits for many models reaching 1 TeV and beyond.
ATLAS Exotics Searches® - 95% CL Exclusion ATLAS Prelminary
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“Only a selection of the available mass fimifs on new staies or phenomena is shown,
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G enerqa | Se arc h ATLAS-CONF-2014-006

Events

No evidence for New Phenomena Seen!

* A search based on combinations of high-p; objects (e, u, v, v, jet, bjet)
« Standard Model backgrounds from MC only
« 573 categories have data events; 697 have >0.1 events in MC simulation
« Searches for largest data/MC variations (MC mis-modelling is a problem)
* Need dedicated analysis if discrepancy is observed
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How to get the most out of data?

 Combine across different experiments

e Allows to double the dataset for the same final state (dark
matter searches are exploring this option)

 Combine across different final states of the same decay
» Extended coverage of the spectrum, sensitivity increase

. 19.7 fo' (8 TeV)
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How to make sure we have looked
everywhere possible?

—

Back to theory



From signature to model*

Little | GUT | HV Composit

Higgs ness
Multijets
Jet+Photon

Dijets
Jet(s)-lepton(s)
Dileptons
Leptons+Photon
Lepton+MET
Multileptons
y+MET
Dibosons (W,2)
Diphotons
ttbar/bbar

tb
LLP/Lepton-jets
b/t+W/Z/H

QBH
QBH

BH

QBH, G*

G*
G*
G*

VLQ

LQ
Prc

Prc

Prc
N+

TS/ 3

VLQ

Z', W’
LQ

WI
ZI

Z', W’

q*

X 4k
1*, t

Z*

W*

b*

Models

Predict

Various
Signatures
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From signature to model
 Combination of different decays:
very model specific!

SIGNAL decay 1

SIGNAL decay 2 - MODEL

SIGNAL decay 3

T. Berger @ LHCSki 2016
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From signature to model

g
T
 Combination of different decays: &
m
very model specific!
Same-Sign Dilepton
Heavy Vector Like
Top Quark 5
I
T
)
&

Ht+X, Wb+X

* Other possibilities:
|*—>llgamma+ljj; Z’— [I+VV+jj, DM...

T. Berger @ LHCSki 2016
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From signature to model

* Across different particles in the same model

e e.g. W and 7' (J. de Blas et al. JHEP 01(2013) 016)

1.6
14 F
Combined ~———
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3000

Mostly done
by theorists
at the moment
but also presents
opportunity for
experimentalists.
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Back to the experiments: LHC Run 2

T. Berger @ LHCSki 2016
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Back to the experiments: LHC Run 2

Year | Energy
[TeV]

2012
2015
2016°

luminosity ratio

ATLAS LHCb
20 2
13 25 14 3.2 2.7+0.6 0.3
13 25 43 25 25 2.5
100 WJS2013
ratios of LHC parton luminosities: 13 TeV /8 TeV ';"
"'

: Large cross-section /

— 99 . : /
- —---¥qq increase for high /j

S mass searches 7

| | MSTW2008NLO
100 1000
M, (GeV)

Bunch

Spacing

E Lum|n05|ty [fb-1]

I. DEIger W LMLOKI £U10

Total Integrated Luminosity [fb]

‘ —
E ATLAS 0n||ne Lumlnosny f5=13TeV -
[ [ LHC Delivered ]
E [ ATLAS Recorded ]
4 :_ Total Delivered: 4.2 fb"
F  Total Recorded: 3.9 b

01

0_\\\ """ | ]
23/05 20/06 18/07 15/08 12/09 10/10 07/11

Day in 2015

Unique
opportunities
for discovery

in 2015 and

2016!
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Sighature-Based Searches

events

To estimate background:

mass

>

events

Caveat:

Need signal-shape hypothesis
Results are not completely
model-independent

If your model does not have
signal shape as studied
tricky to interpret

“shoulder”

mass

1. Detailed simulations of mass-spectrum shape

2. Smooth functional form fitted from data

T. Berger @ LHCSki 2016 18



(data-fit)/ o,

95% CL limits on oxBR{G*—yy) [fb]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-018/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-018/index.html

Following on diphoton excitement

3: We’ll know more
KEEP this summer
CALM but if the excess

AND

COLLECT persists, which

MORE DATA other channels
could be

implicated?
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Following on diphoton excitement

35 We’ll know more * Dibosons
NI o0 e e Dileptons
COIfII:I:I)ECT persists, which * “Dijets” (jj, bbbar,
MORE DATA other channels ttbar)
could be
implicated? * Heavy Vector-like
quarks
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Other di-boson channels (Zy)
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WW/WZ/ZZ results are also available
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in the region
of interest.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-019/index.html
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2016 data should be conclusive. Need to compare the same resonant shape.
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“Di-jet” searches
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CMS Phys. Rev. Lett. 116, 071801 (2016)
ATLAS Physics Letters B 754 (2016) 302-322
ATLAS-CONF-2016-014, arxiv:1603.08791

No excesses seen in dijet channels
Backgrounds are very high, leading to
weak limits
Very limited sensitivity at masses below
1TeV, need to wait for

* trigger level analysis for dijets

* resolved analysis for ttbar

* and much more data

gms = ATLAS F’rellmmaryl o 4_
oy - — Observed 95% GL limit 3
*,lf L Ys=13TeV,3.2fp" ----en Expected 95% CL limit ]
Ry 1 02 E Exp. 1 ¢ uncertainty |
el E . Exp. 2 ¢ uncertainty E
E>C<| 10k N seeaee 2 (1M=1.2%) (LO x 1.3) —-
., F ., -—a 2 oo(TIM=3%) (LO x 1.3)
o N _
1 =
L _
10 = N AT ﬂ
- Boosted analysis R ]

11 11 | 1 , 1

—2 ol
L N T ey Sy Sy Sy
Z'mass[TeV]


http://arxiv.org/abs/1603.08791

Wil =z
' bt t
! 3 Unphysical
tHtH e
titH L
t tZ’ tHtH, Wth
[ § tHtZ, Wbtz

tZtZ ztz, WbtZ wowb 3 Wb
i el e

BR(T — H1)

tZ \ ::'

eavy Vector-Like-Quarks

ATLAS-CONF-2016-013
CMS-PAS-B2G-16-002

Appear in BSM theories with strong EWSB
same EW charges for LH and RH components
T stabilizes Higgs mass divergence (like stop in SUSY)

|||||||||||||||||||||||||||||||||||||||||

ATLAS Preliminary
Vs =13 Tev, 3.210"

......

Observed limit

0 010203040506 07 08 09 1
BR(T — Wb)

CL mass limit [GeV]

95%

Sample OW,0b OW,1b 0OW,2b OW,>3b
TT (0.8 TeV) | 1.95+0.13 4214+ 0.26 3.26 +0.20 1.218 £+ 0.081
TT (1.1 TeV) | 0.269 +0.017 | 0.541 + 0.033 | 0.371 +0.023 | 0.1336 + 0.0088

EWK 510 + 120 92 £+ 22 135+ 33 0.78 £ 0.23
TOP 108 + 18 227 +26 125.4 £+ 8.6 19.1£15
QCD 129 +4.2 6.5+ 2.8 <1 <1
Total Bkg 630 £ 120 325 £ 37 138.8 £ 9.8 199 £ 1.6
Data 606 309 152 18
096 +0.19 095+0.12 1.09 £0.12
ample = VY D > VV D > VV ° > VY > D
TT (0.8 TeV) | 2.56 +0.16 5.30 4+ 0.32 3.41 4+ 0.21 0.890 + 0.061
TT (1.1 TeV) | 0.382 +0.024 | 0.668 + 0.040 | 0.379 + 0.023 | 0.0979 + 0.0066
EWK 206 + 14 326 +2.9 48+ 1.5 0.262 + 0.081
TOP 76 £ 12 123 +£ 14 61.2+44 8.39 + 0.78
QCD 12.0 £ 5.1 4.6 28 0.20 4+ 0.19 <1
Total Bkg 294 +£23 160 £ 16 66.2 £ 4.8 8.66 £ 0.79
BEL = O/ (R 49 o
Data/Bkg | 0.999 £0.096 | 1.05+0.13 0.74 £0.12 0.92 £ 0.34

No excess of events seen in leptons+jets channel.
CMS: m(T)>876GeV @ BR(T—>Wb)=100%;
ATLAS: m(T)>900GeV @ BR(T—>Ht)=100%

T. Berger @ LHCSki 2016
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-002/index.html

Summary of HVQ results
ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preiminary

Stalus: March 2016 [Ldt=(p2-203)17  \5=8,13TeV
Model Ly Jetst ET [rain] Limit Reference
VIQTT = Ht+ X fer 22b23) Yes 203 Tin (T8) doublet 1505.04306
g, g VIQYY = Wb+ X Teu 21b,23j Yes  20.3 Yin{E.Yl)doub\el 1505.04306
ga VLQBB = Hb+ X .1 e 22b>3] Yes 203 \sgspmsmglet 1505.04306
Ig_ VLQBB - Zb+ X U>3ep ZWZI.b - 203 Bin(B.Y) doublet 1409.5500
VLQ QQ — Wglg fey 24 Vs 203 1509.04261
Ts;3 - Wt feg 21b25] Yes 203 150305425
Vector-like quark pair production
Q-qW
T * As the limits for VLQ are already
e high, rather unusual VLQs (e.g.
oo with large electric charges) need to
B~ bH be considered
B - bz 8 TeV . .
. ez ] e the limits for VLL are weaker —
. interesting area to explore
-t
X5/3 = tW

0 0.3 0.6 09 1.2 15

Observed limit 95%CL (TeV) T. Berger @ LHCSki 2016 26



Where did we look in Run 1 & Run 2?*

e L

jet Many

bjet 2-4 1,1
top 2-4
Y
W,z
lepton
Higgs

T
E Miss

2-4

1,1
1,1

1,1

Many,

1-3
2,2

2,2
1,1
1,1

2-4

1,1

1,1

1,1

Many

1-2

Done

A large fraction of conventional signatures are covered (but not all!),

unconventional signatures are important.

*This table is not exhaustive

T. Berger @ LHCSki 2016
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Unconventional Signatures @ LHC

 Highly ionizing particles (HIP) / monopoles

* Charged particles decaying into heavy neutral particles
(disappearing tracks, kinks etc.)

Long-lived particles decaying only in the outer detector components
Boosted final states: objects close together or overlapping

Low mass (pseudo)scalars

Neutral particles (delayed photons) decaying late into neutral states

Radius of each detector

Those analysis are very
ATLAS CMS detector-specific:
Vertex 0.1mm 0.1mm need dedicated reconstruction
Pixel(dE/dx) | 5-10cm 5-100cm techniques & triggers.
TRT 50-100cm No How to make sure that we
Hadronic CAL | 2-4m (A t~1nsec) 1.5-2.5m considered all possible
topologies?

Muon System | 5-10m(A t~1nsec) | 4-bm OPOIOBIES

T. Berger @ LHCSki 2016 28



CMS-PAS-EXO-15-010

HIPs, Monopoles, etc.

N o 2.4 fb‘l'(1|3TeV)_ e 241" (13 Tev)
E [ | Data (13 Tev) 1 E 2 EENII‘S, T'racker+T0F§
= B MC: Q=1e 1000 GeV | 2 rreiminary . 1
g’ 16 |_—|MC:Q=22 4006:;.’ _: _ 103 S-q % i ¢ Observed i SearChfor hlgh
< 5 I MC: Q=1e 400 GeV ] ] % . 1ol ["4| Data-based SM prediction_ ionization loses and
14 11 8 Al smi-sece) 3 Jong time of flight in
12 - S I ]
1 4102 X 1 muon spectrometer
10 - 4 ; 3 )\ 3
| = k : _
8 0] A 1 Trigger: muon
— r A 7
4 P ' : ETMiSS>17OGeV
P ]
2, s 1k -
ol % L B YHLEW. ... .. .3 Resultsconsistent with
500 1000 0 b 1000 2000 . L.
p (GeV) Mass (GeV) SM predictions.
£ 900— \ r T —— N S— e .
£ ATLAS » TRT LT hits = SR~ o < UL ATLAS ' DY spin-1% 800
= 800} Simulation e TRT HT hits 4 { of 48 R = 4 lg1=1.0g, S
E ‘. o is=8TeY, 701 = 1000 Gav] 1700 &
700 Trigger EM | | i 1 {600
sook . Cluster @ L1 = s$rss—t—w—d “desmmrme 3 1500
a . Z([m) X [m] .
Some model - =400
gax' | dependence inevitable: - 300
400 . Monopoles bend in -
‘ A N r-z plane = -
pac il T i use TRT-hit information =

02 04 06 08 1

L]

X+gr [Mmm]
i T. Berger @ LHCSki 2016
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-15-010/index.html
http://dx.doi.org/10.1103/PhysRevD.93.052009

Search for neutral LLP decays to dijets

Signature: displaced vertex with two jets ATLAS PRD 92. 012010 (2015).
Complimentary searches for decays in ek EPLBPZ“B (Jzocl%l(ggl‘; ) 152
. ur. Phys. J.
inner detector by CMS, LHCb and ATLAS CMS Phys. Rev. D 91, 012007
ATLAS also looks for decays in HCAL & MS p /
’}TV _
No excess of events observed ?_*@E@'«‘ ,04 f
Q;..:: f
Ty C<
b f
8o B ATLAS (7 TeV)
% BN CM TeV
2.0 mm < Ry, < 4.0 mm = b —— oo g;ei;
—  [rTTT ||||||||||||||||:|E§J||||||||||||||||||_ 1:5 | D0 (1.96 TeV)
oL ; - . g a0 CDF (1.96 TeV)
= 107 F LHCDH 3
S 7TeV
i e
102 40
=0 0.62fb1 3
~ L o ]
t 10f E
= i .} . .- m, = 90-200 eV
= 1 )
- P
= E..|....|./..|....h...l....h...l...ﬁ [ 1 1 1
O 0 10 20 30 40 50 60 70 80 ) 1 T 00 000

¢T [cm]

mass [GeV/c?] T Berger @ LHCSki 2016 30


http://dx.doi.org/10.1103/PhysRevD.92.012010

q

2m q t
ARpyin & — —> vV

pPT _ AR
. .. . hadronic decay b

* For jets overlaps result mljets with
substructure analysed as tollows:

* Large jets (AR=1.0)
* Grooming

Boosted final states with jet

e Relevant for resonances with b

mass equal or smaller than the - leptonic decay
momenta of the decay products e

19|80 Y }JO Jeulwas NYID wouj 2unsi4

-----------------------------
[iH]
. - - ® Data 1
° Ta g gl N g O 1000 + ATLAS  Preliminary * pe
v C s=13 TeV, 2.6 fb” rf-"zz‘c . ]
b=t —Fitted s+ _
§ BDO_ 10=N,, =19 === Fitted bkd. 4 t
w e > ¢
600—
400|—
200
[ el S R MR = =S VR SRS TSI YR Lo
% 300F —+
& 200t
0 100f
O‘ —

60 80 100 120 140 160 180 200 220 _ 240
m, [GeV]
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Boosted final states with leptons

The shrinking cone isolation requires

arXiv:1506.03062

) Lepton
sum of track p; with P Lbton Lepto
AR(l,track)=[xx]GeV/p,' to be less than a f Boosted .
certain value (lepton candidate tracks top l+jet R
excluded) selection , Jet
. . rel
If more than one lepton: for isolation uses py
-1
need to remove other lepton . A 19787 8 TeV)
from isolation cone. S 09F cMS =
CMS Preliminary Simulation Vs = 8 TeV @ = . .
Term T T T é’ 0'85 Zly (— ee)+jets :@:
— Bulk Graviton, K = 0.2, M, = 2 TeV LL] 0.7 - _¢-Data : & : E
JHUGEN + PYTHIAG i 0.6 7 <+ Simulation 3
— 10_1 B |:| Tracker-based relative isolation - -
-g ’1— || Modified tracker-based relative isolation é
2 | t val
| cut value
E 107§ “ E
s 5
c | %
2 . O
' =
S
(©
v lmey wh o e L | ()

0.2 0.4 0.6 0.8 1 1.2 1.4
Relative Isolation
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ATLAS JHEP02(2016)062,

Hidden-sector bosons with Lepton-jets mepii014)083

- L) TYPEO . LJ TYPE1

ID
Dark sector couples -

to Higgs & leptons
via very light dark
sector particles

Signal at ATLAS —
collimated lepton-jet

Assumption:
extra branching v
ratio of 3
. @
H/Z/Z’ [etc. into =
dark scalar bosons @
o
=
It is also possible to have decays to multi- £ 10°E No excess of
photons or even multi photon-jets 2 o -
o 10 events seen. SN men
g a//ytlﬂ\\/'t < 10710 ATLAS
_____ <’ E 20.3fb" ¥s =8 TeV
h_.j.fH \a.\\ 10—11 Lol Lol Lol
? %y 107° 1072 107 1
_ T. Berger @ LHCSki 2016 m, [GeV] 33
ATLAS arxiv:1509.05051


http://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP02(2016)062&v=28dc27ed
http://link.springer.com/article/10.1007/JHEP11(2014)088

More searches for hidden-sector bosons

pt
i j’fr'<# No excess of o <
; events seen. g l,
B 0 Z" b ETIE
* Y
d > d [fj
w0 Jhy  w(28)+w(3770) f_
> —§ " " I T n
§ —— Prompt = - T T T [ T T T [ T T 1T .| LI B N I
S — Displaced E 8 1 C CMS Preliminary, 19.7 fb™at 1s=8 TeV ]
g = o °F B
2 E L r —e— DATA §
E - 2 ¥ 7'—>4leptons I B
¢ r N top ]
14— -
N . A plibhs mwew ol . I 1 S ST L C EW ]
200 1000 2000 3000 4000 L |
m(uty) [MeV] 2 Z'(M=1TeV)*0.01 —
10 —
Constraints of -
on inflaton N E
model - .
- .
LHCh C ]
2 =
0 el
0 800 1000 1200
m(4]) [GeV]
0 Should also result in signal in dileptons.

4] L] "Wl KK
. . Need to extend searches below Z mass.
i u | MeV|
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http://dx.doi.org/10.1103/PhysRevLett.115.161802

ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary
Status: July 2015 ffdt=(184—203} ft v5=8TeV
Model Signature  [Ldi'] Lifetime limit Reference

RBP4  covlamiyns deslaod ponpa 205 | RN M R SRR (-

GOM L~ 26 dsplaced vk s jets 203 n(E) = L1TeV, mly]) = 10TV 150405162
W h d ° AMSBpp i aTx;  dsappeadingtack 203 ] Melime o omaom i) = 450 GeV 1410.3875
e S e a rc e I n MSB pp il T lamepbelgEiee  1ae [ Melime o Asteom i) = 450 GeV 150615352
GMsB ran-poinlirg or delayed y 203 |} Ifatime o uoebam PS8 with A = 200 TeV 1409.5542
m a n y p | a C e S’ el SUSY 2OMSwriess 195 | Siime R ;) 0oy | 150406
Hicden Valley H — mym, 2 low-EMF trackless jets 203 | m, lfetime T mix,} = 25 Ga\f 150104020
1 g
b u t d I d W e S e a rC h T vy ons,  20MSwds 195 [ lieime AR min.) 25 Gev 150403634
& FAVEH - 2ys + X 2o mes 208 | vatetime [ H o+ 2y b X miya) = 400MRN | 1409.0745
h ? g FAVZ H = dyy = X P 203 |y tteime [ H = iy + X, miyg) = 400 MaVd 1409.0746
everywhere?
Hioden Vallay H — £, 2 low-ENF rackless jels 203 | #, lifetime . 0Esm () = 25 Gay 150104020
HiddenValley H—m,r,  21I0MSveres 195 [, listime PR win) =25 Cav 150403634
W h O kn OWS XK FRVZH = dyy + X Ze-p-mEls 203 | elletime C asE0mm Ho—s dyy 4 X, miyg) = 410 MaV 1409.0748
= HiddenValley ® — m,x, 2low-EMF rackless et 203 | m, lifstme _ erx8R - 1 iz, m{z, ) = 50 Ga 1501.04020
g E Hidden Vallay ® —+ x,7,  210MSvertices 195 [, lifetime e 2R = 1 o, mim,) = 50 GaV 1504.00634
Hidden Valley & — w7, 2lowEMF rackless jets 20,3 |, lifetme w8 - 1 i, mim,) = 50 GaV 160104020
I Hicden Vallay ® » nr,  210MSverkes 195 [, listme %8R = 1 o, min,) = 50 GaV 15041063
HV Z71 TeV) — a.q. 2105 vertices 203 | m, lifetime oxBR =1 po, mim,) = 50 GaV 160403634
g HY 22 TeV) — 9,4, 2I0MSverices 2.3 [ lfetme oxBR =1 o, min,) = 50 GaV 15041363

Main LLP CMS Limits summary B e B S s
o

I I # Lm [ m *Only a selection of the available lifetime limits on new states is shown.
HSCP gluino [dioud) Long-Lived

ge2f3e HSCP Particles

charging, etaus100ns, AMSE
nestraling, ctau=25cm, ECAL time

0 1 2 3 4 TeV
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= * H _—
ATLAS Exotics Searches™ - 95% CL Exclusion ATLAS Preliminary
#ies Mari 0 =
Status: March 2016 [i:df=(32’203“b 1 V5=8,13TeV O O I e f l | f
Model Ly Jetst ET [rade] Limit Reference
T T T —
ADD Gix + 29 - 21 Yes Wy =2 Preiminary
ADD non-resonant £/ 2ep - - n=3HZ 1407 2610 [ ]
ADDOBH— g lep 1j - n=6 13112006
ADD QBH - 2j - n=6 151201530
ADDBH high T pr clep 22 - n=6Mp =3 BH ATLAS CONF 2016-006
ADD BH mulijet - 23 - =6,Mp = 37V ot BH 151202586 L ]
RS1 G — (1 2ep - - KMy =01 14054123
RSt Gix = 17 2y - - &Mp =01 150405511
Buk RS Gy = WW = ggiv Tep 1) Yes W/Mp =10 ATLAS CONF-2015075
Buk RS Gy — HH — bbbb - 4b - /My =10 ATLAS-CONF-2016-017
Buk RS gre — 1t Tep 2102102 Yes B-095 150507018
H 2 (] ALY o) = -4 " . : "
2ED AR lep 220240 ¥ T (LA} BRGPR cf=1 | NILAS CORF20% 013 Vector-like quark pair production Resonances and excited quarks
SSMZ' =1t 2ep - - KTLASCONF-2015470
SSMZ' - 2r - - 150207177 ,
Lepiophabic 7' = bb - n - Prolninary Q-qW Z(1.2%) + tt
SSMW' = £y ey - Y ATLAS CONF-2015-063
HTW > WZsqqrmoddlA Oep 1 Yes ov=1 KTLASCONF-2015-068 T+t Z(10%) - tt
HVT W' = WZ - ggggmodel A - 2d - 32 | womas 13816 TaV =1 ATLASCONF-2015073
HVTW = WH = frbbmodelB Tep 12b10] Yes =3 ATLAS-CONF-20154174
WIZ = ZH-nbbmodelB  Oep 12b10] Yes &=1 ATLAS DONF 2075474 T=tZ gKK = tt
LRSM Wy — th lep 2b0j Yes 14104103
LRSHM W, =t Oep 21b1J - 14080886
4 L T-bW W th
. Clogeg - % - STV =1 151201530
Clogt! 2ep - - 24TV =1 KTLAS CONF-2015-070
Cl wutt 2ep(55) 21014 Yes Cul=1 1504 04605 B - bH t* - tg 5=3/2
Axial-vecior mediator (Dic DM} Qe p 21] Yes 8025, 5,=1.0. m{y) < 140 GeV Preliminary .
Ariabvector mediator DiacOM) Dep 1y 1) Yes 25, g,410, miy) < 10GY L= B-bZ 8 TeV t* - tg 8=172
ZZyy EFT (Dirac DM) Oep 14<1j] Yes miy) < 150 GeV' ATLAS-CONF-2015-080
Scalar LQ 1 gen 2e 22 - =1 Priminary B - tW 13 TeV b* - tW K=t
Scalar LO 2" gen 2 22 - p=1 Preiminary
Scalar LO 3% gen lep 21b23) Yes B=0 150804735 X5/3 + W b = tW Ke=1
VIQTT = He+ X lep 22023 Yes Tin(T8) doublet 1505.04306
VIO YY = Wb+ X lep 21b>3j Yes Yin BY) doublet 1505.04306
VLOBB = Hb+ X lew 22023 ¥ iscsgnsiget 15050406 X5/~ W b+ tW Ki=Ke=1
VBB~ Zb- X 2x3ep b - Bin(BY) doublet 14085500 2 s
VIO QQ - Wqlg Tep 24]  Yes 1508.04261 ) ' Woth Mve< My
oo Wt fep 21b25) Yes 150305425 Observed limit 95%CL (TeV)
Excited quark ¢* = gy 1y 1] - 44TV only v andd”, A= miq’) 151205910 TN .
Exciled quark ¢ — qg - 2j - 52TeV only v* and ", A = m{q) 151201530 Resonances to dibosons Wt Mvn> Mw
Excited quark b* = bg - 1b1j - Preiminary
Excited quark b* — Wt lor2ep 1b20) Yes f=h=f=1 151002864 Z(1%) > tt
Excited lepton * ey - - A= 20T 21 radion -+ HH
Excited lepton »* 3epr - - A=16TeV¥ 14112021
W= WH Z'(10%) =+ tt
LSTC a7 = Wy tealy - Y W7 8150
LRSM Majorana » 2ep 2j - m{Wg) =24 TV no 150606020 )
Higgs tripet H== — (¢ 2eplSS) - - : 12025 7 -+7H 8TeV Z'(30%) —+ 1t
Higgs triplet H*= — 1z Jepr - - i 14112821
Monotop (non-fes prod) Tep b Yes G =02 1410540
Mult-charged partices f - DY producion. gl = e 0 V' - VH 13 TeV KK~ t
- Imvm.mj:lg;. sn12|  1som0e0ss o 05 1 15 2z 25 3 35 4
10 W' =+ WV HVT(B) Observed limit 95%CL (TeV)
mss SIe rrev] a 05 1 15 2 25 3
] i b i Observed limit 95%CL (TeV)

https://tWiki.cern.ch/twiki/bin/view/CMSPuinc/PhysicsResuItsBZG

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

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

T. Berger @ LHCSki 2016 36



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

Conclusions

* Huge effort in searches in 2015 data. For more see public
pages and many talks today

* How to make sure we cover everything?

* Some interesting excesses start to be seen. Will they
remain?

* Crucial to keep searching in regions already excluded: we don’t
know yet what we are looking for

* Tricky to reinterpret existing results for very different signal
hypothesis

* 2016 searches should try to be consistent for all channels

* Progress on Combinations:

 Mono-X searches (addressed tomorrow) performed in a view of
ATLAS/CMS combination to double the dataset

 Discussions of combinations of different channels (e.g. Z" in ll,
ttbar, tautau; Heavy Vector Quark combinations) — This is very
model-specific!



Outlook

LHC
Ls1 EYETS 14 TeV 14 TeV
13-14 TeV energy
injector d 5to7x
8 TeV splice consolidation 3ps cryogenics Point 4 cryolimit nominal
button collimators dispersion HL-LHC installation e
7 TeV R2E project cc Euﬁlp'egtsio" mltsé?gslgn luminosity
collim; j
con Bz Pooe Beou [Foos B Paor Baoe Bovo [Fooo oo Baoe ooz B o IIII“
radiation
damage
75% 2 x nominal luminosity 4
nominal nominal luminosity || experiment upgrade | '
luminosity | experiment beam pipes /_— phrase 1 experiment upgrade phase 2

* We are in regime of non-linear luminosity increase
e 2016 dataset =10 x 2015 dataset!

* The year ahead looks very-very exciting
e Difficult to look further than this summer at this point
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Run 3 searches for hidden-sector bosons

Currently unexplored region could be 107"

studied by LHCb in D"*—DOA’, A’ —»e'*e 10-22
decays (arXiv:1509.06765) 10_3;
in Run 3 following trigger upgrade. g _
10 e = ] :
[ 10-55 3
w Electron & Proton 1
107 10—6,. Beam Dumps ‘\\
7t \\ 15 !
10_6 10 7:— \"‘\"?‘\\\- Countours of ~
1 0_8 ; >§§\\\ Log.a[Br(h—DZoZD)]_.
10~ g i Supemova \\\\.; 1
-~ 1078
107 10_11%-3' | '1‘6-2 011 10 102 10°
] mz, [GeV]
107 Potential of searches at ATLAS & CMS
10-10f : _
i 1 Collaboration between ATLAS/CMS & LHCb
e T R e on LLP searches is crucial!
ma [GeV] LHC LLP Forum May 12t
LHCb trigger upgrade will allow CERN Council Chamber

significant integrated luminosity

i i T.B LHCSki 2016 39
increase in Run 3. erger @ i



THANK YOU!



Backup
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Di-jet searches

To keep sensitivity at lower masses (0.2-1TeV)

need to use trigger level analysis

CMS Prefliminary

CMS-PAS-EXO-14-005

18.8 b (8

ATLAS 1 fb

Resonance Shapes)

TeV)
L B I Y B B

aussian

CMS 20 fb

—— CMS 18.8 fb'* Observed {Data Scouting)
=== (CMS 18.8 fbr1 Expected (Data Scouting)
+ 1 o CMS Data Scouting

+ 2 ¢ CMS Data Scouting
IS R I SN RSN N NN SR B

as single jet trigger thresholds are too high  2.5[ R
e CMSdiditinRun1l N
* ATLAS has this possibility in Run 2 o |\ e
i
-
I . —_—— 1.5~ |
> C ki L
& 104 §_ — { Data Scouting jets _§ m B \
E E —o—_._ —I— HLT jets selected by any single jet trigger E c) : UA2
[¢}]
2 10°g - - 1
o e e = B
N I
£ 10°F - E [
= [ ATLAS Preliminary e 1 0.5
10?_ Vs =13 TeV, 6.25 pb -|-+ ?; B
/[ 2015 Data: Single Run ‘I‘T ] NPT
0 500 1000 1

2x10° 3x10°  4x10?

—
o
W

Leading jet P, [GeV]
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Searches for hidden-sector bosons @ FCC

10° 102 041 1 10 102 10°
sz[GeV]

arXiv:1412.0018
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