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Our	
  Mission	
  
 
  To	
  study	
  the	
  fundamental	
  building	
  blocks	
  of	
  the	
  
ma8er	
  and	
  their	
  interac9ons	
  in	
  the	
  Universe.
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What	
  is	
  “fundamental”?	
  	
    
 The	
  most	
  simplest	
  form.	
  	
  
No	
  further	
  substructure.	
  
Zero	
  dimension	
  in	
  size	
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Ma8er	
  and	
  Interac9on

2012
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What	
  do	
  we	
  know	
  about	
  our	
  Universe?  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Modern View of the Universe

!Dark!Energy!73%!
!(Cosmological!Constant)!

!Neutrinos!
!0.1�2%!

Dark!Ma?er!
23%!

Ordinary!Ma?er!4%!
(of!this!only!about!
!10%!luminous)!
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Dark Matter Evidence since1930

Jan	
  Oort  
Milky	
  Way

Fritz	
  Zwicky	
  
Coma	
  cluster

M33 rotation curve

Vera	
  Rubin	
  	
  



4AN EMPIRICAL PROBLEM OF THE SM: DARK MATTER

Caterina Doglioni – Dark Matter at the LHC – Moriond EW 2015

F. Zwicky – Coma cluster: mass vs light output V. Rubin – Velocity of gas near Andromeda galaxy

Source: NASA Source: NOAO

Chandra/Hubble (NASA) – Visible mass of bullet cluster
vs dark mass inferred from gravitational lensing

Planck – Dark matter vs standard  matter standard  matter composition
using CMB (temperature) fluctuations

1930

2006
2013
2015

1970s
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DM from Gravitational Lensing

Candra/Hubble (NASA)

Bullet cluster
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How	
  can	
  we	
  study	
  Dark	
  Ma8er?  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Dark Matter Mono-X Mono-Jet Mono-W(`⌫) Mono-W/Z(qq) Mono-Z(``) Mono-Photon Mono-Top Conclusion

Dark Matter candidates at the LHC

• Cosmological indications for “invisible”, Dark
Matter (DM):
� Rotation velocities of galaxies
� Gravitational lensing
� Cosmic microwave background (CMB)

• Search at hadron collider:
� Could be produced as a WIMP
� DM would be seen as missing energy

• E↵ective field theory (EFT):
� Mediator too heavy to be generated directly
� Contact interation with suppression scale

M? ⇠ Mp
g�gSM

, with g� and gSM the

couplings to Standard Model (SM) and
DM, and M the mediator mass

• Simplified models:
� Specified massive mediator
� UV-complete (no validity issue)

Name Initial state Type Operator

D1 qq scalar
mq

M3
?
�̄�q̄q

D5 qq vector 1
M2
?
�̄�µ�q̄�µq

D8 qq axial-vector 1
M2
?
�̄�µ�5�q̄�µ�5q

D9 qq tensor 1
M2
?
�̄�µ⌫�q̄�µ⌫q

D11 gg scalar 1
4M3
?
�̄�↵s(G

a
µ⌫)

2

Philippe Calfayan, LMU Munich Moriond EW 2014, March 15-22 2/22

Dark	
  Ma'er	
  Produc.on
•	
  Search	
  at	
  hadron	
  collider:	
  
◦	
  DM	
  would	
  be	
  seen	
  as	
  missing	
  energy
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Large Hadron Collider



Dark Matter Detection?
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DM

DM

Invisible

Invisible



Dark Matter Detection
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David Šálek: Dark Matter at 13 TeV13/04/2016

Mono-X signatures
• simple idea…
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p p

missing transverse 
momentum

jet, γ, W, Z, ...

DMDM

highest pT (~970 GeV) single-jet event
observed in the ATLAS 13 TeV data

“X”= SM



Mono-X Event Display

16



Challenge and Innovation
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13 

2010 2011 2012 

Pile-up in Run 1	
<PU>=20.7 <PU>=9.1 

HL-LHC 
<PU>~200! 
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2010 2011 2012 

Pile-up in Run 1	
<PU>=20.7 <PU>=9.1 

HL-LHC 
<PU>~200! 

13 

2010 2011 2012 

Pile-up in Run 1	
<PU>=20.7 <PU>=9.1 

HL-LHC 
<PU>~200! 

Higher and higher Pile-up 

arXiv:1607.08633

Deep Learning for  
Discovery



UW ATLAS Group
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•UW EPE Group at ATLAS
• 4 physics faculties
• 4 postdoc
• 6 graduates (1 EE master/1 Phy. master)
• 3 undergrad (physics/ee/csc major) 
• 2 Engineer Professors
• 1 Engineer/1 Computing specialist 

•The group involves
• Muon Drift Tubes/Muon QUality
• IBL Mechanics and IBLDAQ
• Tracking/B-tagging/Tau
• BSM search

Anna 
Goussiou

Shih-Chieh  
Hsu

Henry
Lubatti

Gordon
Watts

Colin  
Daly (ME)

Scott
Hauck(EE)



Summary
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• Exciting opportunities to discover Dark Matter at 
the most energy frontier - LHC!
 



ATLAS Muon Chamber



Muon Chamber
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30,000 tubes are made by UW, fitted into 80 
chambers and shipped to Geneva

 current muon lab



IBL Upgrade
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UW IBL Team
DAQ

Support Structure



IBLROD DAQ
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Lynn Marx (UW physics postdoc) Shawpin (Bin) Chen (EE master) 


