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Evidence for Dark Matter 
• From Astronomy/Cosmology [1]

• Galaxy rotation curves [2]
• Bullet Cluster
• CMB Anisotropies 
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Gravitational Lensing Plasma Clouds
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Evidence for Dark Matter 
• From Astronomy/Cosmology [1]

• Galaxy rotation curves
• Bullet Cluster
• CMB Anisotropies [4,5,6] 
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Inelastic Dark Matter
• Motivation: During early Universe, we might want to have a 

production channel for dark matter 
• Features such a channel would need: 

• coupling to standard model for thermalization with SM 
• having enough annihilations to be consistent with the observed 

relic abundance

7S O U R C E :  M .  D u e r r  e t  a l .  “ I n v i s i b l e  a n d  d i s p l a c e d  d a r k  m a t t e r  s i g n a t u r e s  a t  B e l l e  I I ” .  h t t p s : / / a r x i v. o r g / p d f / 1 9 11 . 0 3 1 7 6 . p d f

https://arxiv.org/pdf/1911.03176.pdf


Inelastic Dark Matter
• Model Constituents 

• Dark Fermions ( , ), dark photon (A’)
• Parameters: 

• kinetic mixing term ( ), 

• dark photon to dark fermions coupling ( )

• stable dark fermion mass ( ), mass difference ( ), and dark 
photon mass (  or )

χ1 χ2

ϵ
αD = g2

X /4π
mχ1

Δm
mA′ mX
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Signal: ISR Photon
• Since this is our initial trigger, need to 

separate from background: an 
energetic photon (>2GeV), comes from 
the barrel, etc. 
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GeV, GeV, 
GeV, , 

mA′ = 8.0 Δm = 1.28
mχ1

= 3.2 ϵ = 10−4 αD = 0.1
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Signal: A’ 
• Since we know the momentum and 

direction of the ISR photon + initial 
conditions, then  -  = pini pγ pA′ 
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GeV, GeV, 
GeV, , 

mA′ = 8.0 Δm = 1.28
mχ1

= 3.2 ϵ = 10−4 αD = 0.1

m2
A′ 
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Signal: Displaced Vertex Hunting
• With tree-fitted e+e- vertexing, 

providing  and ’s dr

• Mass for reconstructed vertex < 
mV0 V0

Δm
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GeV, GeV, 
GeV, , 

mA′ = 8.0 Δm = 1.28
mχ1

= 3.2 ϵ = 10−4 αD = 0.1

∆m
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Background: Sources (wanted list)

•  but we lose a photon out of detector acceptance (or 
the lepton pair w/ below) 

•   

•
•
•  (from uds)

e+e− → l+l−γγ

e+e− → γγ( → e+e−)
e+e− → γK0

SK0
L

e+e− → τ+τ−

e+e− → Σ+Σ−
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Background: Mitigation
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PC: S. Longo

PC: S. Longo



Background: Mitigation
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• Further cuts: 

• For , we can set a limit to range of models 
we want to investigate (<2GeV)

•  dr cuts (away from IP and VXD layers)

mV0

V0



Putting the pieces together
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• So we know what our signal looks like and quite a bit of effort has 
been put into cutting on backgrounds. Let’s go digging 



Signal Hunting 
• Using DCSB to fit signal shape
• While other parameters might affect yield, 

the main shape parameters should mA′ 
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Where are we now?
• Run on MC15 and see what the background levels are like 

• Trying to work on skims rather than collections but potentially 
found a missing cut 

• Need to reproduce signal ntuples
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Much  Thanks !
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Backup
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• From Astronomy/Cosmology [1]
• Galaxy rotation curves
• Bullet Cluster
• CMB Anisotropies 
• Primordial Nucleosynthesis [2, 3, 4]
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PC: [5]

PC: [6]

= observed abundances

[4]

ρ(
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e4
)/ρ
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baryon photon ratio ( )ηb

Evidence for Dark Matter 
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https://pdg.lbl.gov/2017/reviews/rpp2017-rev-bbang-nucleosynthesis.pdf
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Evidence for Dark Matter 
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Source: [7]

SBBN: Standard Big Bang Nucleosynthesis

Ωbh2 = 0.02237 ± 0.00015

0.021 ≤ Ωbh2 ≤ 0.024 (95 % CL)
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I n t e rpo la to r  De ta i l
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‘Recent’ attempt
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• In trying to get a handle for this 
interpolator, trying to get a measure of 
decency by looking ash the  after 
pinning down 3 of the DCS parameters

χ2/dof



Summary
• Initial: Pinning one parameter 
• Final (shown few slides ago) 
• was able to get some minor improvement 

so maybe alright to continue for now until 
systematic studies 
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initial

‘final’



Exc lus i on
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Splitting Cuts:Pipeline
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Call on 
Efficiency File 

pdf_sampler 
based on 
high mZ cut 

V0M< 2 + Material 
+ dr > 5

for mZ < 3GeV/c^2

V0M< 2 + Material Cut
for mZ > 3GeV/c^2

pdf_sampler 
based on 
low mZ cut 

Calculate 
Upper 
Limits

Calculate 
Upper 
Limits

Take the relevant 
components based on 3GeV/
c^2 split and combine to one 
efficiency plot 

= needed change to include 
split of mZ
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Source: https://arxiv.org/pdf/1911.03176.pdf

σobserved = U/ηL

https://arxiv.org/pdf/1911.03176.pdf
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