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¥ Three motivations for low scale strong dynamics.

¥ LHCb advantages in production.
¥ LHCb advantages in decay.

¥ Complementarity with other experiments.
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ASYMMETRIC DARK

QDM ~ 5QB
QCD like Controlled by complicated
\? (known) QCD dynamics
l bpMm = Mpm Npwm ' B = MpNng

Unknown dynamics

of baryogenesis
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MO TIVATION 3

Gauge hierarchy problem:

Solved in composite Higgs (SUSY) with top-partners
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MO TIVATION 3

CMS

e ————————————
L) . '
. ' '
. '
I ———————————— . ' § —
. ' '
. . '
. . '
. ' '
s
'
'
'
————————————— .
'
'
.
g 0 0
. . ‘
. ' '
. '
e p— . ' v —
' . ' '
. . . '
' . ' '
' . ' '
A p— ' . ' v -
' ' . ' '
' . . . '
' ' . ' '
' ' . ' '
e . . . v —
' . ' '
' . ' '
. .  —
. ' '
. ' '
. . '
. . .
H . H—
. ' '
. . '

0

. . . -

. . '

. . '

. . .

. . . -

. . '

. . .

. . '

M M § —

. ' .

. . .

. . '

. . '

° M o —
. .

. . '

. . '

. . .

. . . -

. . '

. . '

. . .

Dark matter

e lea il i bl

02 04 06 08 1 12 14
Excluded Mass (TeV)

ATLAS SUSY Searches* - 95%

CL Lower Limits

ATLAS Pred maeary

Model ety Jets ETT [Ldon Mass lirst Win 70 Vo e B Tev
L2
AN - 4, 1AW »
- 4 0 Gav
3 ’ ‘- ' V403 Gard -
‘ . = 4 90 Oav
- ' 100 YW
; - - ' N TN
- ' 133 hew -
‘ Y - L) , 140 -
2 ’s ‘- ' 139 TV
) o o ] 1.3 bev - - -
A o 7 [ ] LF A .
i - - b | , " Gav
- 2 - "0 Sy
e - ] 19 %Wy -
i? 'y pot L Ty .
> .’ L LR A
e Y ] 1.3 0oy -
o 4 A Vo000 G
‘3', I 275400 Gar¥
Qg y | D 730 w0 Gav
& - “ "o e 79 Moo Se -
k’ - -y Y ) A " Jeh Caw o
ol ) ol G - 196 %08 S
"e Twean Cew
- ' #2009 G v .
- 180443 Ca -
- - N 100-300 Ca¥ -
=% 0.0 P00 G
~ . LN Aj.ll X Cav -
- o 0 Gwv e .
. - o 2 Oev
§ (w0 NP e poal . o - 126081 GaV
- y— ‘o —- - " 70 GeV -
- -~ - - ‘4 [ M LI Oe¥ - v
} 2 o - pe - . L
bl . . ' 137 ey
23 - [ 231 Ouw
s B cu - " y |8 8 Guv -
o I 18w -
CA - ) W 18w —
r ' 17 Wy
5 A 3 ¥ ¥ ‘“h L8 T
i . 3 ' 3 Curv
LM 4% Ouw -
s ' - ] T GV »
) s » | 0 v -
. 0 Gwv
5 Vb WA Ca'¥
CYRT
Ochar . - 00 Ca¥
L
0 1

Mass scale [TeV)

Vi«7.8TeV
Reterence
v
v



JVWIN HI FOLDEL

Partners need not be coloured (still need 3):
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Most models have twin colour which conbnes
around GeV scale (or slightly higher).



HIGGS DECAYS
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Conbning SU(N¢) gauge group with Nf [RBavours.

. i
Qi Q; Gy
This sector i1s QCD like, and it conPnes at a scale.

lqg! 17 10 GeV

At the conPning scale we have all the usual states .
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Conbning SUNc) gauge group with Nt [3avours.
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Qi Q; Gy
This sector i1s QCD like, and it conPnes at a scale.

gl 1" 10 GeV

At the conbPning scale we have all the usual states .
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Conbning SUNc) gauge group with Nt [3avours.

. i
Qi Q; Gy
This sector i1s QCD like, and it conPnes at a scale.

gl 1" 10 GeV

At the conbPning scale we have all the usual states .

Zoo,

Stable Decays
to SM



.A: A\ ™

Al mYANA

Two ways to produce dark guarks:
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CMS/ATLAS sensitive to left, LHCb can do both.
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JARK

Second production method can have very large
production cross section.
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Limited coverage of event can be overcome by
large multiplicity and looser triggers.
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LHCDb can use excellent tracking and mass
resolution to measure individual dark pions.
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~45% of events have > 0 pions in LHCD.

~30% have > 2.
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Search for long-lived particles
decaying to jet pairs

The LHCb collaboration

Abstract

A search is presented for long-lived particles with a mass between 25 and 8®V/c?

and a lifetime between 1, and 20(s in a sample of proton-proton collisions at a
centre-of-mass energy of s = 7 TeV, corresponding to an integrated luminosity

of 0.62fb' 1, collected by the LHCb detector. The particles are assumed to be
pair-produced by the decay of a Standard Model-like Higgs boson. The experimenta
signature of the long-lived particle is a displaced vertex with two associated jets
No excess above the background is observed and limits are set on the productic
cross-section as a function of the long-lived particle mass and lifetime.

arxXiv:1412.3021v

D
ARC -

Similar model to
CMS search.



Not sensitive to
strong Interaction
phenomenology.

Important proof of
principle.
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¥ Important to explore different ways LHC can search for NP.

¥ Dark matter and twin Higgs/folded SUSY give interesting
and motivated models with new GeV scale strong
Interactions.

¥ Signatures at ATLAS, CMS, and LHCb can be quite
spectacular, but few current searches are sensitive.

¥ LHCDOs excellent tracking and loose triggering make
It excellent for these kinds of models.

¥ Opportunities to discover new physics abound!






Search for long-lived neutral particles decaying to dijets

The CMS Collaboration

Dis-placed Di-Jet

Abstract

A search is performed for long-lived massive neutral particles decaying to quark-
antiquark pairs. The experimental signature is a distinctive topology of a pair of jets
originating at a secondary vertex. Events were collected by the CMS detector at the
LHC during pp collisions at /s = 8 TeV, and selected from data samples correspond-
ing to 18.6 fb—! of integrated luminosity. No signibcant excess is observed above
standard model expectations and an upper limit is set with 95% conbdence level on
the production cross section of a heavy scalar particle, H®, in the mass range 200 to
1000 GeV, decaying into a pair of long-lived neutral X ° particles in the mass range 50
to 350 GeV, which each decay to quark-antiquark pairs. For X° mean proper lifetimes
of 0.1 to 200 cm the upper limits are typically 0.3 —300 fb.

Emerging Jet
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CMS PAS EXO-12-038

Require di-jets all coming O R ]
from a single displaced vertex. = | _ n-woe
‘Eglo-zz_ e

Throw away energy of tracks
not reconstructed from vertex.

Unlikely to be sensitive to e

1 10 10?

emerging phenomenology. cv [cml



Search for long-lived neutral particlgs decaying into lepton jets
in protonBproton collisions at s = 8 TeV with the ATLAS
detector

The ATLAS Collaboration

Abstract

Several models of physics beyond the Standard Model predict neutral particles that decay into bnal
states consisting of collimated jets of light leptons and hadrons (so-called "lepton jets"). These parti-
cles can also be long-lived with decay length comparable to, or even larger than, the LHC detectorsO
linear dimensions. This paper presents the results of a search for lepton jets in protonbproton colli-
sions at the centre-of-mass energy of s =8 TeV in a sample of 20.3 fb—* collected during 2012 with
the ATLAS detector at the LHC. Limits on models predicting Higgs boson decays to neutral long-lived
lepton jets are derived as a function of the particleOs proper decay length.
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arxiv:1409.0746v2 [hep-e»

Requires ECAL/HCAL < 0.1. R B
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—
o
IIIII|

HCAL, extremely low efbciency
except possibly for long

BR(H# 4" +X)=10%

- FRVZ 4"d model -

95% CL Limit on %$BR(

. . C m. =400 MeV
I Ifetl I I leS . expected + 2% ——  observed limit
expected + 1% --===  expected limit N
IIIIII| 1 1 IIIIII| 1 IIIIIII| 1 IIIIII| 1
2 3
1 10 10 10

Dark photon ¢! [mm]

See also ATLAS trigger paper: arXiv:1305.2204 [hep-eX].



Search for long-lived, weakly interacting particles that
decay to displaced hadronic jets in protonbproton collisions
at = s =8 TeV with the ATLAS detector

The ATLAS Collaboration

Abstract

A search for the decay of neutral, weakly interacting, long-lived particles using data collected
by the ATLAS detector at the LHC is presented., This analysis uses the full dataset recorded in
2012: 20.3 fb 1 of protonBproton collision data at s = 8 TeV. The search employs techniques for
reconstructing decay vertices of long-lived particles decaying to jets in the inner tracking detector
and muon spectrometer. Signal events require at least two reconstructed vertices. No signibcant
excess of events over the expected background is found, and limits as a function of proper lifetime
are reported for the decay of the Higgs boson and other scalar bosons to long-lived particles and
for Hidden Valley Z"and Stealth SUSY benchmark models. The brst search results for displaced
decays inZ "and Stealth SUSY models are presented. The upper bounds of the excluded proper
lifetimes are the most stringent to date.
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