Staged commissioning of high luminosity operation of LHC at points 1 and 5
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	Machine parameters
	450GeV
	Commission hardware for high energy operation
	Stage I
	Stage II
	Stage III
	Installation of phase II collimators and full beam dump diluters
	Stage IV

	 
	 
	Target
	
	Target
	Limit
	Target
	Limit
	Target
	Limit
	
	Target
	Limit

	spacing
	ns
	2021
	
	2021
	566
	75
	75
	25
	25
	
	25
	25

	bunch length
	m
	0.1124
	
	0.0755
	0.0755
	0.0755
	0.0755
	0.0755
	0.0755
	
	0.0755
	0.0755

	crossing angle
	urad
	0
	
	0
	0
	250
	250
	285
	285
	
	285
	285

	bunch intensity
	 
	4.00E+10
	
	4.00E+10
	9.00E+10
	4.00E+10
	9.00E+10
	5.00E+10
	5.00E+10
	
	9.00E+10
	1.15E+11

	bunches
	 
	43
	
	43
	156
	936
	936
	2808
	2808
	
	2808
	2808

	energy
	eV
	4.50E+11
	
	7.00E+12
	7.00E+12
	7.00E+12
	7.00E+12
	7.00E+12
	7.00E+12
	
	7.00E+12
	7.00E+12

	F
	 
	1.00
	
	1.00
	1.00
	0.96
	0.92
	0.90
	0.84
	
	0.90
	0.84

	normalised emittance
	cm
	3.75E-04
	
	3.75E-04
	3.75E-04
	3.75E-04
	3.75E-04
	3.75E-04
	3.75E-04
	
	3.75E-04
	3.75E-04

	beta*
	cm
	1100
	
	200
	200
	200
	100
	100
	55
	
	100
	55

	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	
	 
	 

	luminosity
	/cm2s
	7.16E+28
	
	6.12E+30
	1.12E+32
	1.28E+32
	1.24E+33
	1.13E+33
	1.91E+33
	
	3.65E+33
	1.01E+34

	total inel cross section
	cm2
	6.00E-26
	
	6.00E-26
	6.00E-26
	6.00E-26
	6.00E-26
	6.00E-26
	6.00E-26
	
	6.00E-26
	6.00E-26

	event rate per cross
	 
	0.01
	
	0.76
	3.85
	0.73
	7.09
	2.14
	3.63
	
	6.94
	19.18

	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	
	 
	 

	protons per beam
	 
	1.72E+12
	
	1.72E+12
	1.40E+13
	3.74E+13
	8.42E+13
	1.40E+14
	1.40E+14
	
	2.53E+14
	3.23E+14

	current per beam
	mA
	3.09E+00
	
	3.09E+00
	2.53E+01
	6.74E+01
	1.52E+02
	2.53E+02
	2.53E+02
	
	4.55E+02
	5.81E+02

	energy per beam
	Joules
	1.24E+05
	
	1.93E+06
	1.57E+07
	4.19E+07
	9.43E+07
	1.57E+08
	1.57E+08
	
	2.83E+08
	3.62E+08

	beam size
	um
	293.3
	
	31.7
	31.7
	31.7
	22.4
	22.4
	16.6
	
	22.4
	16.6
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