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Table 7: Search in the monojet signature: Background and signal event yields corresponding
to 3000 fb−1. The ”pre-selection” refers to events passing all the requirements except the final
tight selection on the leading jet pT and Emiss

T .

Selection Z(νν̄) + jets W(`ν) + jets tt VV Other Total SM STOC
Pre-selection 7.1 · 107 5.0 · 107 6.3 · 106 2.5 · 106 1.2 · 107 14.2 · 107 8.1 · 105

Emiss
T > 600 GeV 430000 102000 6440 27600 40700 606000 55700

pT(j1) > 900 GeV 25800 5340 199 1950 1120 34400 6530

(jet1) (GeV)
T

p
800 1000 1200 1400 1600 1800 2000

E
ve

nt
s 

/ 1
00

 G
eV

0

10000

20000

30000

40000

50000

STOC

(unstacked)

) + jetsννZ(

) + jetsνW(l

tt

VV

Other SM

, PU = 140-114 TeV, 3000 fb

CMS Phase II Delphes Simulation
Preliminary

(a)

)-1Luminosity (fb
0 500 1000 1500 2000 2500 3000

)σ
E

xp
ec

te
d 

si
gn

ifi
ca

nc
e 

(
1

2

3

4

5

6

7
14 TeV, PU = 140

CMS Phase II Delphes Simulation
Preliminary

(b)

Figure 11: Search in the monojet signature: (a) Leading jet pT for 3000 fb−1 after the selection
given in the text except for the requirement on the leading jet pT itself and (b) the discovery
significance as a function of the integrated luminosity.

arises from Z + jets with Z→ νν̄, which is irreducible. Additional contributions arise from W +
jets or tt production with W → `ν; such events can have large missing transverse momentum
and can satisfy the selection requirements if the lepton is missed.

The projected uncertainty on the background estimation, which is a critical input to the sig-
nificance determination, is evaluated as follows. One of the most robust ways to determine
the Z → νν̄ background is to measure the Z → µ+µ− event rate and then translate it to the
Z→ νν̄ rate based on N(Z → νν̄) = Nobs−Nbgd

A×ε · R, where Nobs is the number of dimuon events
observed, Nbgd is the estimated number of background evens contributing to the dimuon sam-
ple, A is the acceptance, and ε is the selection efficiency for the event. The ratio R = B(Z →
νν̄)/B(Z → µ+µ−) = 5.942± 0.019. The value of A× ε is typically around 0.68 [27]. The un-
certainty in this method arises from the background subtraction, the acceptance determination,
R, the lepton efficiency determination, and the statistical uncertainty of Nobs. These uncertainty
values are estimated based on the 8 TeV analysis [27] and the expected high statistics data in
Run 2+3 and HL-LHC. These lead to a total uncertainty on N(Z → νν̄) of 4% for 3000 fb−1 and
7% for 300 fb−1. For the W(`ν) + jets background, we will use a single lepton control sample
to determine this background yield. The uncertainty arises from the acceptance, background
subtraction, and the control sample statistics. The total uncertainty is assumed to be about
7% based on the 8 TeV analysis. For the other processes, 25% of the yields are taken as the
uncertainty, which is conservative but has a negligible effect on the discovery sensitivity.

The expected significance of this search for t̃1 → c+ χ̃0
1 as a function of the integrated luminos-


