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- CMS experiment at the LHC

.+ /s = 8TeV
. Integrated luminosity 19.7 fb-1

- Dark Matter Search

-- simplified model contact occurs via assumed meditator



DM production via (hypothesis) mediators
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Diagrams of the DM via a scalaer/psedoscalar metiator
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Figure 1: Diagrams for production of DM via a scalar (S) or pseudoscalar (P) mediator in the
cases providing monojet (left) and mono-V (right) signatures.



Diagrams of the DM via a vector/axial vector metiator
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Figure 2: Diagrams for prodyction of DM via a vector (Z’) or axial vector (A)
ing monojet (left) and mong-V (right) signatures.
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Jet Clustering procedure

The extension relative to the k and Cambridge/Aachen algorithms lies in our definition of the
distance measures:
A2

d;; = min(kF, k2F)

LR (1a)

diH = kgp, {11_’,:'

where AZ. = (y; — y;)* + (6; — @;)° and kg, y; and ¢; are respectively the transverse momentum,
rapidity and azimuth of particle i. In addition to the usual radius parameter R, we have added a
parameter p to govern the relative power of the energy versus geometrical (4;;) scales.

written in reference [27]



in reference [27]

Figure 1: A sample parton-level event (generated with Herwig [8]), together with many random soft
“rhosts”, clustered with four different jets algorithms, illustrating the “active” catchment areas of
the resulting hard jets. For k; and Cam/Aachen the detailed shapes are in part determined by the
specific set of ghosts used, and change when the ghosts are modified.



Jet selection -
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Figure 3: Left: The distribution of 172 /77 in highly Lorentz-boosted events, before the jet mass
selection. Right: The distribution of mpyyneq for the CAS8 jets, before applying the jet mass
selection but after the requirement of 15/1; < 0.5 has been applied. The discrepancy be-
tween data and simulation is within systematic uncertainties (not shown). The dashed red line
shows the expected distribution for scalar-mediated DM production with myep = 125GeV and
mpym = 10GeV. The shaded bands indicate the statistical uncertainty from the limited number
of simulated events.



Reference [65] : tau N

2.1 Introducing N-subjettiness

We start by defining an inclusive jet shape called “N-subjettiness” and denoted by 7.
First, one reconstructs a candidate W jet using some jet algorithm. Then, one identifies
N candidate subjets using a procedure to be specified in Sec. 2.2. With these candidate
subjets in hand, 7 is calculated via

1 :
™ = EZ;};-__k min {ARy p, ARy g+ \ARN ). (2.1)
k

Here, E runs over the constituent particles in a given jet, pr ;. are their transverse momenta,
and AR, = +/(An)? + (A¢)? is the distance in the rapidity-azimuth plane between a
candidate subjet J and a constituent particle k. The normalization factor d is taken as

dy = prRo. (2.2)
k




Reference [65] : tau N
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Estimation of the SM

background events at the
control regions (figures)
and signal regions (table)

Table 2: Expected yields of the SM processes and their uncertainties per bin for the V-boosted

category after the fit to the control regions.
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Comparison of E,miss/leading jet P; in data and background
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Figure 5: Distributions in E%ﬂss (left) and leading jet pr (right) in simulated events and data,
resulting from the combined signal selections for the three event categories. The dashed red
line shows the expected distribution, assuming vector mediated DM production with miygp =
1TeV and mpm = 10 GeV. The shaded bands indicate the statistical uncertainty from the limited

number of simulated events. i
### All 3 categories are added.



E- distributions (w post-fit) Data & Background
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90% C.L. exclusion limit (contours) on the M,z - Mp),
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From reference |88
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Figure 1. The predicted DM relic density for the vector, axial-vector, scalar, and pseudo-scalar
mediators for coupling g; = gsa = goar = 1. The white deshed line corresponds to the region where
Mysoq ~ 2 x Mpae. The pink curve denotes the masses for which the predicted relic DM coincides
Mytoa ~ 2 x Mpae. The pink lenotes the r for which the predicted relic DM i

with the observed . x k? = 0.12 [1].



90% C.L. exclusion limit (contours) on the Mp,, — cross_section histos
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Summary

“ This search is the first at CMS to use jet substructure techniques
to identify hadronically decaying vector bosons in both Lorentz-
boosted and resolved scenarios.”

“ No significant deviation is observed”

“ The search excludes DM production via vector or axial vector
mediation with mediator masses up to 1.5TeV, within the simplified
model assumptions”

“For scalar and pseduscalar mediated DM production, this analysis
excludes mediator masses up to 80 and 400 GeV, respectively”

-- from the Summary section



