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Physics	@	Liverpool
Largest	Particle	Physics	Group	in	UK	– by	
supported	staff	&	grant

Top	grant	earner	(by	almost	a	factor	2)

Unique	Facilities
LSDC	&	Detector	Fabrication	Facility
Advanced	Materials	Lab



Universe	size	of	
golfball (10-35s)

Protons	form,	dark	
matter	era,	matter	
dominates	over	anti-
matter
(100s)

Life	(on	earth)

Life:	Universe	
self-aware



What	happened	
before?



2014
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LHCb	

VELO	designed	and	built	in	UK	~	100	
person-years

Operates	about	7mm	from	beam
Main	tracking	detector
Resolution	down	to	~4microns

Measure	lifetimes	down	to	~30fs

30	/	(	1,000,000,000,000,000	)	s



LHCb
• matter-antimatter	asymmetry

Measured	by	VELO

• not	enough….



Beyond	the	visible	…Neutrinos	
• The	reclusive	particle	and	a	

window	to	the	early	
Universe

• Travel	for	a	year	through	
lead	without	stopping!

• Masses	not	understood	
(very	light)

• Are	they	the	source	of	
matter-antimatter	
asymmetry?



Neutrinos

Detectors	in	North	America	and	Asia



2014-2018:	New	ways	of	provisioning	physics

• lepton	flavour	violation	(mu2e,	mu3e)
• dipole	moments	(muon,	pEDM	@	CERN)

• LSST DE/DM
• MAGIS-100 DM/gravitational	

waves

• Space	Based	Experients
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Precision	PhysicsE989



Precision	PhysicsE989 Precision	Physics



E989 Precision	Physics mEDM

Request	to	EU	for	funding	(2015)	
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New	Experiment:	LSST





New	Frontiers

Dark	Energy	

Precision	/	EDM	





Discovery
Looking	for	Dark	Matter
Studying	Matter- Anti	Matter

“...95%	of	the	
Universe	is	
made	of	Energy	
and	Matter	we	
know	nothing	
about

Dark		
Energy
75%

Dark	Matter
21%



Facilities

• Advanced	
Materials	Lab
– Composites	for	
LHC

– Upgrades	
ATLAS,	ALICE



Liverpool
Semiconductor
Detector
Centre

Detector
Manufacturing
Facility

Advanced
Materials

Laboratory



Silicon
– RD50
– ATLAS
– LHCb	

New	Technologies
– Hybrid	pixels
– HV-CMOS
– Live-”emulsion”

Detector	
Development	(Si)





Building

Sensor	City

Quantum	Physics	for	Fundamental	
Science



• Initiated	by	Liverpool
– New	director	(2014)

• Resource	for	
investment	in	from	
STFC	

Cockcroft	
Accelerator	
Institute



UK	Groups	we	work	closely	with…
Cockcroft	Institute

– UCL
– Manchester	
– Oxford



There	is	a	compelling	and	exciting	future.	

We	will	continue	to	reveal	a	cosmos	more	
wonderful	than	we	can	imagine

Playing	a	role	in	the	journey	of	discovery	is	
the	aspiration	of	our	field	and	a	privilege	to	
participate	in



Thanks	for	
invitation	…


