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• High-pT final states from decay of 
produced TeV-scale new particles. 

• Missing transverse momentum 
(ET) from decay into (meta-)stable 
dark matter candidates. 
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The CMS dark matter search program spans an 
[increasingly] large space of final states and 
features: 

• A highly model-independent way of charting an 
unknown Beyond Standard Model (BSM) territory. 

• Correlations amongst these channels will be 
directly useful for verification and 
characterization in case excess(es) are observed. 

• Emphasis on cross-checks by looking at the same 
final states through different features. 
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colored particles can be produced. 
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The  (JZB) method 

 Only two significant SM 
backgrounds in JZB tails: 

a) Dileptonic tt (and other flavor-
symmetric processes) 

» Predict as average of yields in: 

 

 

 

 

 

 

 

b) Z+jets with mismeasured jets 

» Estimate JZB > X yield as equal to 
that in JZB < -X region, after 
subtraction of (a). 
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The search 

 Taus are a challenging reconstruction task: 

– Decays are simple and well-known, but huge background from jets. 

– About 1/3rd decay into (soft) e’s and μ’s. 

– The rest (τh) decay into hadrons and neutrinos. 

» After isolation τh selection efficiency is ∼30-40% for this search. 
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: Background Estimations 

 tt → τ+τ−X: 

– Model ET with visible leptons in dilepton 
(e & μ) events: 

 

 
 

 

 

 Jets misidentified as τh: 
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The search 

 Very clean search regions: 

– A detailed catalog of 3 and ≥4 lepton channels, covering 
possibly many BSM theory footprints. 

– A wide range of kinematic regimes probed. 

– ET cut not required to regulate SM background: 

» A golden channel for some signatures of R-parity-violating SUSY 
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The search 

 Very clean search regions. 

 Nevertheless, careful work has been done to understand 
backgrounds, especially the non-prompt: 

– e.g. ll+(γ→ll) from Z-peak in trilepton invariant mass. 
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The  variables 

 Cluster objects into two “megajets” a.k.a. 
hemispheres (J1, J2). 

 Analogy: decay product J1 of a particle produced 
at rest has monochromatic energy (2MΔ): 

 Reduce smearing from unknown incoming pz by 
boosting to a frame where J1 and J2 z-momenta 
are equal and opposite: 

 Divide ET equally into two “LSP momenta”, 
compute transverse mass for each decay chain: 
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3 2 
peaks around MΔ 

For cuts on MR (R), the 

distribution of R (MR) 

has (2-)exponential 

shape for SM 

backgrounds: 



The  analysis 

 Yield of each 
background 
modeled by a 2D 
functional form. 

– Initial 
parameters & 
constraints 
extracted from 
enriched 
control regions 
in data. 

 

 

 Combined SM fit 
performed in a 
sideband of each 
channel box. 
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 p-values for SM compatibility of data 
computed for various search regions. 
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Mq = 1 TeV 
Mg = 1 TeV 

~ 

~ 

~ 
m½ < 275GeV excluded 

for 1.5 < m0 < 2TeV 
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~ 

m(g) ∼ 1.5 TeV ~ 

1 Where “natural” 
SUSY can still live. 

N. Hamed 
Implications of LHC results for 
TeV-scale physics: WG2 meeting 
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 We complement these benchmarks with Simplified Model Spectra (SMS): 
– Each SMS consists of a small list of new particles and their decays (∼ 1 topology). 
– Can be thought of as building blocks/effective theories. 

» How much do our results say about these reactions in isolation (assume 100% B.R.)? 
» Signal contamination accounted for as applicable, but only from the SMS under study. 

~ 
m½ < 275GeV excluded 

for 1.5 < m0 < 2TeV 
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 Multiple analyses, different variables. 

– Important for a robust search program. 

 Leptonic and hadronic searches 
provide complementary information: 

– Use of leptons allow relaxation of jet 
and ET cuts (from trigger level!): 

 

 

 

 

 

 

 High-HT (reduced ET requirement) 
search regions important for signals 
with long decay chains: 

Search Region (cuts in GeV) 

Z + ET ≥2 jets, ET > 100 (200) 

ET + jets ≥3 jets, HT > 350, HT > 800 

Energetic signals, hadronic 
searches gain from larger 

branching ratio (B.R.) 

Soft signals, 
leptonic searches 
recover efficiency 



44 

l ν 

l 

l+ l− 

q/b/t 
q/b/t 

LSP 

Z 

Z 



45 

 [ A lot of the CMSSM ] 
 

 Very low mass splitting region. 
– Requires significant ISR to have 

appreciable ET (HT). 
– mproduced – mLSP < X region omitted due 

to inadequate theory modeling. 

 
 Intermediate mass splitting region for 

high produced masses. 
 

 Lower than expected signal yields, e.g.: 
– If production cross-section is lower than 

vanilla SUSY assumptions 
– If there is significant B.R. to other, less 

detectible final states. 

 
 Direct production of stops/sbottoms… 

– ... however production via gluino decays 
have been ruled out to some degree. 

2 

e.g. ET+jets search, but 
features are similar for others 
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 [ A lot of the CMSSM ] 
 

 Very low mass splitting region. 
– Requires significant ISR to have 

appreciable ET (HT). 
– mproduced – mLSP < X region omitted due 

to inadequate theory modeling. 

 
 Intermediate mass splitting region for 

high produced masses. 
 

 Lower than expected signal yields, e.g.: 
– If production cross-section is lower than 

vanilla SUSY assumptions 
– If there is significant B.R. to other, less 

detectible final states. 
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Another  advantage 

 For various cuts on MR (R), the differential distribution of R (MR) has a simple 
exponential (2 exponentials for top/EWK) shape for SM backgrounds: 
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 This allows one to formulate a simple fit function for the 2D (MR, R2) shape. 

3 2 
peaks around MΔ 
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 Multiple analyses, different variables. 

– Important for a robust search program. 

 Leptonic and hadronic searches 
provide complementary information: 

– Use of leptons allow relaxation of jet 
and ET cuts (from trigger level!): 

 

 

 

 

 

 

 High-HT (reduced ET requirement) 
search regions important for signals 
with long decay chains: 

– Exclusions taken from search region 
that yields best expected limit. 

Search Region (cuts in GeV) 

Z + ET ≥2 jets, ET > 100 (200) 

ET + jets ≥3 jets, HT > 350, HT > 800 

Energetic signals, hadronic 
searches gain from larger 

branching ratio (B.R.) 

Soft signals, 
leptonic searches 
recover efficiency 
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 Very low mass splitting region. 

– LSP’s produced back-to-back – requires 
significant ISR to have appreciable ET. 

– mproduced – mLSP < X region omitted due to 
inadequate theory modeling. 

 

 Intermediate mass splitting region for 
high produced masses. 

– Contours of search efficiency are ∼ 
diagonal, but cross-section falls like 
1/mproduced

5(-6). 

 

 If the production cross-section is lower 
than predicted by vanilla SUSY 
assumptions, or significant  B.R. to other 
less detectible final states. 

 

 Direct production of stops/sbottoms… 

– ... however production via gluino decays 
have been ruled out to some degree. 

2 

e.g. ET+jets search, but 
features are similar for others 

2 
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