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•What’s left to do at the LHC after the Higgs?!
•Focus on CMS and Run II.!
!



…way back in 2012



With the Higgs discovery in 2012, the Standard Model is 
complete, right?  

MHiggs = 125.09 ± 0.24 GeV  [0.2%] 





What’s left to do?
•Is the “Higgs” really the Standard Model “Higgs”?!
•This means probing the property of the Higgs to 
ensure it has:!
‣Zero spin!
‣Decay channels are as predicted!
‣Couples to mass!
‣Consistency with higher-energy running.



Higgs properties
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What’s left to do?

Search for new physics!



New particle?
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Definitely new particle



Look at particle decays
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Are there new differences between leptons?



Reminder of LHC setup



Timeline of LHC running





What’s so hard about increasing the energy?





The subsystems of LHC enable Particle Identification



“ZZ” event where one Z decays to 2 electrons (red towers) and one decays to 2 muons (red lines)



CMS collision at 13 TeV



Downsides to more luminosity?



Upgrades
CMS pixels – winter 2016-17

What has CMS been doing since beam turned off early 2013?

Lots of upgrade work in anticipation of higher-luminosity 
running!  Detector components need to be robust to radiation 

damage, and need to have

Installation of new beam pipe with smaller diameter

New pixel tracker, with 4 
layers instead of current 3, 

will go in 2016/2017.

Benedikt Vormwald (UHH) CMS Tracker Upgrades4

CMS Phase-I Pixel Detector – GeometryCMS Phase-I Pixel Detector – Geometry

barrel (BPIX) forward (FPIX)

phase-I upgrade

current phase-0

r=29mm

r=160mm

r=43mm

inner rings

outer rings

● 4-hit coverage up to |η|<2.5
● closer first pixel layer (new beam pipe)
● turbine-like module arrangement in 

foward disks
● inner rings tilted for optimal radial and 

azimuthal resolution 

new beam pipe r=22.5mm
(already installed during LS1)

Even bigger upgrades in the future to keep up with HL-LHC



What are we doing
at Syracuse?

(Besides hopefully discovering new physics on LHCb)



LHCb



LHCb UT upgrade
New upstream tracker for 2019
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Person-scale

•Neutrinos can oscillate flavors (e.g. muon neutrino can become electron neutrino), 
and we want to understand all the implications this has for the universe.

•Charge-Parity (CP) symmetry violation in neutrino interactions could explain some 
of the matter-antimatter asymmetry of the universe.

•To address these questions about neutrinos, very large detectors are being planned 
for construction deep (~1 mile) underground in a gold mine in South Dakota, 
receiving a neutrino beam from Fermilab in Chicago.

NEUTRINOS 



Thank you!!
Questions?



Higgs discovery
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