	Target machine parameters - Engineering run - 450GeV

	Set parameters
	Unit
	Injection
	Collision

	Crossing angle 1 & 5
	μrad
	0
	0

	Crossing angle 2
	μrad
	0
	0

	Crossing angle 8
	μrad
	0
	0

	Separation 1 & 5
	mm
	5
	5

	Separation 2
	mm
	4
	4

	Separation 8
	mm
	4
	4

	Beta * 1 & 5
	m
	11
	11

	Beta * 2 & 8
	m
	10
	10

	Crossing plane 1
	
	-

	Crossing plane 2
	
	-

	Crossing plane 5
	
	-

	Crossing plane 8
	
	-

	Energy
	TeV
	450
	450

	Number of bunches
	
	43

	Bunch intensity
	
	4 1010

	Longitudinal emittance
	eV.s
	1.0
	1.0

	Normalised transverse emittance
	μm.rad
	3.5
	3.75

	
	
	
	

	Derived parameters
	Unit
	Injection
	Collision

	Protons per beam
	
	1.72 1012

	Current per beam
	
	3.1

	Stored energy per beam
	MJ
	.12
	.12

	Relativistic Gamma
	
	480
	480

	Bunch length
	cm
	11.24
	11.24

	Beam size 1 & 5
	μm
	283
	293

	Beam size 2 & 8
	μm
	270
	280

	F
	
	-
	1

	Peak luminosity 1 & 5
	cm-2 s-1
	-
	7.16 1028

	Events per crossing 1 & 5 (60mbarn)
	
	-
	0.01

	
	
	
	


	Target machine parameters - Stage I - 43 bunch operation

	Set parameters
	Unit
	Injection
	Collision

	Crossing angle 1 & 5
	μrad
	0
	0

	Crossing angle 2
	μrad
	0
	0

	Crossing angle 8
	μrad
	0
	0

	Separation 1 & 5
	mm
	5
	5

	Separation 2
	mm
	4
	4

	Separation 8
	mm
	4
	4

	Beta * 1 & 5
	m
	11
	2

	Beta * 2 & 8
	m
	10
	10

	Crossing plane 1
	
	-

	Crossing plane 2
	
	-

	Crossing plane 5
	
	-

	Crossing plane 8
	
	-

	Energy
	TeV
	.450
	7

	Number of bunches
	
	43

	Bunch intensity
	
	4 1010

	Longitudinal emittance
	eV.s
	1.0
	2.5

	Normalised transverse emittance
	μm.rad
	3.5
	3.75

	
	
	
	

	Derived parameters
	Unit
	Injection
	Collision

	Protons per beam
	
	1.72 1012

	Current per beam
	
	3.1

	Stored energy per beam
	MJ
	.12
	1.9

	Relativistic Gamma
	
	480
	7461

	Bunch length
	cm
	11.24
	7.55

	Beam size 1 & 5
	μm
	283
	31.7

	Beam size 2 & 8
	μm
	270
	70.9

	F
	
	-
	1

	Peak luminosity 1 & 5
	cm-2 s-1
	-
	6.1 1030

	Events per crossing 1 & 5 (60mbarn)
	
	-
	0.76

	
	
	
	


	Target machine parameters - Stage II - 75ns operation

	Set parameters
	Unit
	Injection
	Collision

	Crossing angle 1 & 5
	μrad
	320
	250

	Crossing angle 2
	μrad
	480
	300

	Crossing angle 8
	μrad
	600
	400

	Separation 1 & 5
	mm
	5
	5

	Separation 2
	mm
	4
	4

	Separation 8
	mm
	4
	4

	Beta * 1 & 5
	m
	11
	2

	Beta * 2 & 8
	m
	10
	10

	Crossing plane 1
	
	Vertical

	Crossing plane 2
	
	Vertical

	Crossing plane 5
	
	Horizontal

	Crossing plane 8
	
	Horizontal

	Energy
	TeV
	.450
	7

	Number of bunches
	
	936

	Bunch intensity
	
	4 1010

	Longitudinal emittance
	eV.s
	1.0
	2.5

	Normalised transverse emittance
	μm.rad
	3.5
	3.75

	
	
	
	

	Derived parameters
	Unit
	Injection
	Collision

	Protons per beam
	
	3.74 1013

	Current per beam
	
	67.4

	Stored energy per beam
	MJ
	0.12
	42

	Relativistic Gamma
	
	480
	7461

	Bunch length
	cm
	11.24
	7.55

	Beam size 1 & 5
	μm
	283
	31.7

	Beam size 2 & 8
	μm
	270
	70.9

	F
	
	-
	0.96

	Peak luminosity 1 & 5
	cm-2 s-1
	-
	1.28 1032

	Events per crossing 1 & 5 (60mbarn)
	
	-
	0.73

	
	
	
	


	Target machine parameters - Stage III - 25ns operation - Phase 1 collimators

	Set parameters
	Unit
	Injection
	Collision

	Crossing angle 1 & 5
	μrad
	320
	285

	Crossing angle 2
	μrad
	480
	300

	Crossing angle 8
	μrad
	600
	400

	Separation 1 & 5
	mm
	5
	0

	Separation 2
	mm
	4
	0

	Separation 8
	mm
	4
	0

	Beta * 1 & 5
	m
	11
	1

	Beta * 2 & 8
	m
	10
	1 - 50

	Crossing plane 1
	
	Vertical

	Crossing plane 2
	
	Vertical

	Crossing plane 5
	
	Horizontal

	Crossing plane 8
	
	Horizontal

	Energy
	TeV
	.45
	7

	Number of bunches
	
	2808

	Bunch intensity
	
	5 1010

	Longitudinal emittance
	eV.s
	1.0
	2.5

	Normalised transverse emittance
	μm.rad
	3.5
	3.75

	
	
	
	

	Derived parameters
	Unit
	Injection
	Collision

	Protons per beam
	
	1.4 1014

	Current per beam
	
	253

	Stored energy per beam
	MJ
	10
	157

	Relativistic Gamma
	
	480
	7461

	Bunch length
	cm
	11.24
	7.55

	Beam size 1 & 5
	μm
	283
	22.4

	Beam size 2 & 8
	μm
	270
	70.9

	F
	
	-
	0.90

	Peak luminosity 1 & 5
	cm-2 s-1
	-
	1.13 1033

	Events per crossing 1 & 5 (60mbarn)
	
	-
	2.1

	
	
	
	


	Target machine parameters - Stage IV - 25ns operation - Phase 2 collimators

	Set parameters
	Unit
	Injection
	Collision

	Crossing angle 1 & 5
	μrad
	320
	285

	Crossing angle 2
	μrad
	480
	300

	Crossing angle 8
	μrad
	600
	400

	Separation 1 & 5
	mm
	5
	0

	Separation 2
	mm
	4
	0

	Separation 8
	mm
	4
	0

	Beta * 1 & 5
	m
	11
	1

	Beta * 2 & 8
	m
	10
	1 - 50

	Crossing plane 1
	
	Vertical

	Crossing plane 2
	
	Vertical

	Crossing plane 5
	
	Horizontal

	Crossing plane 8
	
	Horizontal

	Energy
	TeV
	.45
	7

	Number of bunches
	
	2808

	Bunch intensity
	
	9 1010

	Longitudinal emittance
	eV.s
	1.0
	2.5

	Normalised transverse emittance
	μm.rad
	3.5
	3.75

	
	
	
	

	Derived parameters
	Unit
	Injection
	Collision

	Protons per beam
	
	2.53 1014

	Current per beam
	
	455

	Stored energy per beam
	MJ
	18
	283

	Relativistic Gamma
	
	480
	7461

	Bunch length
	cm
	11.24
	7.55

	Beam size 1 & 5
	μm
	283
	22.4

	Beam size 2 & 8
	μm
	270
	70.9

	F
	
	-
	0.90

	Peak luminosity 1 & 5
	cm-2 s-1
	-
	3.65 1033

	Events per crossing 1 & 5 (60mbarn)
	
	-
	6.9

	
	
	
	


	Target machine parameters - Nominal

	Set parameters
	Unit
	Injection
	Collision

	Crossing angle 1 & 5
	μrad
	320
	285

	Crossing angle 2
	μrad
	480
	300

	Crossing angle 8
	μrad
	600
	400

	Separation 1 & 5
	mm
	5
	0

	Separation 2
	mm
	4
	0

	Separation 8
	mm
	4
	0

	Beta * 1 & 5
	m
	11
	.55

	Beta * 2 & 8
	m
	10
	1 - 50

	Crossing plane 1
	
	Vertical

	Crossing plane 2
	
	Vertical

	Crossing plane 5
	
	Horizontal

	Crossing plane 8
	
	Horizontal

	Energy
	TeV
	.45
	7

	Number of bunches
	
	2808

	Bunch intensity
	
	1.15 1011

	Longitudinal emittance
	eV.s
	1.0
	2.5

	Normalised transverse emittance
	μm.rad
	3.5
	3.75

	
	
	
	

	Derived parameters
	Unit
	Injection
	Collision

	Protons per beam
	
	3.23 1014

	Current per beam
	
	581

	Stored energy per beam
	MJ
	23
	362

	Relativistic Gamma
	
	480
	7461

	Bunch length
	cm
	11.24
	7.55

	Beam size 1 & 5
	μm
	283
	16.7

	Beam size 2 & 8
	μm
	270
	70.9

	F
	
	-
	0.84

	Peak luminosity 1 & 5
	cm-2 s-1
	-
	1.01 1034

	Events per crossing 1 & 5 (60mbarn)
	
	-
	19.2

	
	
	
	


Tolerances - from design report
	Tolerances - Nominal

	Set parameters
	Unit
	Injection
	Collision

	Horizontal tune
	
	64.28
	64.31

	Vertical tune
	
	59.31
	59.32

	Chromaticity
	
	2
	2

	
	
	
	

	Tolerances
	
	
	

	Bunch to bunch intensity
	%
	
	10

	Bunch to bunch transverse emittance
	%
	
	20

	Orbit (IP)
	mm
	
	10% beam size

	Crossing (IP)
	mm
	
	10% crossing

	
	
	
	

	Tune
	
	
	3 10-3

	Coupling
	
	
	.001

	Chromaticity
	
	
	2

	Orbit (global)
	mm
	
	4

	Orbit (local)
	
	
	0.1σ

	Beta beat
	
	
	20%

	Dispersion (spurious/normalized)
	
	
	27%


Tolerances - from Frank’s presentation at the 19th LHCCWG

	 
	2007 com.
	nominal
	effect/reason

	peak closed orbit
	?
	4 (3) mm [2]
	mechanical aperture

	rms closed orbit
	?
	0.40 mm [2]
	feed down, dynamic aperture

	orbit stability
	?
	0.2 s (0.6 s [6,13])
	arc beam losses, collimation

	static off-momentum (1.5x10-3) peak bbeat
	?
	21% [1,2,3]
	aperture, collimation 

	transient peak b beat
	?
	<8% [6,13]
	arc beam losses, collimation, aperture

	peak dispersion D/√β
	?
	27% [4]
	collimation, aperture 

	coupling k
	?
	0.001 [7,8]
	tune control, diag.

	tune 
	?
	0.003/0.001 [7]
	stable tune region, & tune spread

	d deviation 
	?
	1.5x10-3[2] 2x10-3[7]
	aperture, collimation

	·  stability
	?
	10-4 [8]
	rf capture, HERA

	dynamic aperture
	?
	6 (10-12) s [2]
	lifetime, beam control


	 
	2007 com.
	nominal
	effect/reason

	chromaticity Q’
	5±5 [5,7]
	2±1 [7]
	instabilities, dyn. ap.

	2nd order Q’’
	few 1000
	1000/2000 [2]
	 head-tail stability for Q’ meas., DQ

	3rd order Q’’
	3x106?
	>-5x105 [7,9], <3x106
	head-tail stability, dyn. aperture, DQ

	detuning/amplitude@6s
	0.005?
	0.002 [7]
	dynamic aperture, DQ

	∂2Q/(∂e)/(∂d)
	?
	7x106 m-1 [2]
	total tune spread DQ

	bunch-to-bunch intensity
	?
	±10% peak [11]
	PS booster rings, PS

	bunch-to-bunch transv. emittance variation 
	?
	±10% peak [11]
	PS booster rings, PS

	bunch-to-bunch longit. emittance variation
	?
	±10% peak [11]

+0/-10% [12]
	PS booster rings, PS

	minimum / maximum transverse emittance
	?
	3 mm<e <3.75mm
	beam-beam, collimator survival, aperture

	vacuum beam lifetime 
	1 (30?) h ?
	100 h [10]
	nuclear interaction











