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1. SPS UNIQUE THRESHOLDS
Note that Energy values must be a multiple of 120MeV.

	Threshold Name
	Typical value 
[units]
	Function 
[Accelerator]

	E400_UPPER_LIMIT
	402.600 [GeV]
	This is the upper limit for the Energy 400 flag to be considered TRUE [SPS]

	E400_LOWER_LIMIT
	397.440 [GeV]
	This is the lower limit for the Energy 400 flag to be considered TRUE [SPS]

	Formula for E400_FLAG (only in the SPS):
E400_FLAG = TRUE when (ENERGY ≥ E400_LOWER_LIMIT) AND 

                                      (ENERGY ≤ E400_UPPER_LIMIT)   else   FALSE

	E450_UPPER_LIMIT
	455.040 [GeV]
	This is the upper limit for the Energy 450 flag to be considered TRUE [SPS]

	E450_LOWER_LIMIT
	444.960 [GeV]
	This is the lower limit for the Energy 450 flag to be considered TRUE [SPS]

	Formula for E450_FLAG (only in the SPS):
E450_FLAG = TRUE when (ENERGY ≥ E450_LOWER_LIMIT) AND 

                                      (ENERGY ≤ E450_UPPER_LIMIT)   else   FALSE

	PROBE_BEAM_LIMIT
	1E11 [p]
	This is the limit below which the Probe Beam Flag will be TRUE [SPS]

	Formula for PROBE_BEAM_FLAG (only in the SPS):
PROBE_BEAM_FLAG = TRUE when (INTENSITY ≤ PROBE_BEAM_LIMIT)  else   FALSE

N.B. it is proposed to ‘tune’ this flag, see the last page.

	SAFE_BEAM_FLAG_LIMIT
	1E12 [p]
	This is the limit below which the Safe Beam Flag will be TRUE [SPS]

	Formula for SAFE_BEAM_FLAG (only in the SPS):

SAFE_BEAM_FLAG = TRUE when (INTENSITY ≤ SAFE_BEAM_FLAG_LIMIT)  else   FALSE


2. LHC UNIQUE THRESHOLDS

Note that Energy values must be a multiple of 120MeV.

	Threshold Name
	Typical value 
[units]
	Function 
[Accelerator]

	SAFE_BEAM_FLAG_1

to

SAFE_BEAM_FLAG_64
	1 = 1E12

…

64 = 1E10
	This is the range of limits below which the Safe Beam Flag will be TRUE [LHC]

	Formula for SAFE_BEAM_FLAG (only in the LHC):

1. Select BIN according to ENERGY.

2. SAFE_BEAM_FLAG = TRUE when (INTENSITY ≤ SAFE_BEAM_FLAG_N)  else FALSE
N.B. There is a unique SAFE_BEAM_FLAG for each beam.

	BEAM_PRESENCE_LIMIT
	5E9 [p]
	This is the limit above which the Beam Presence Flag will be TRUE [LHC]

	Formula for BEAM_PRESENCE_FLAG (only in the LHC):

BEAM_PRESENCE_FLAG = TRUE when (INTENSITY ≥ BEAM_PRESENCE_LIMIT)  else FALSE
N.B. There is a unique BEAM_PRESENCE_FLAG for each beam.

	ENERGY_7TEV_UPPER_LIMIT
	7001.040 [GeV]
	This is the limit above which the Stable Beam Flag and the Moveable Devices In Flag will be forced FALSE [LHC]

	ENERGY_7TEV_LOWER_LIMIT
	6999.000 [GeV]
	This is the limit below which the Stable Beam Flag and the Moveable Devices In Flag will be forced FALSE [LHC]

	Formula for MOVEABLE_DEVICES_IN_FLAG (only in the LHC):
MOVEABLE_DEVICES_IN_FLAG = TRUE when 

((ENERGY ≤ ENERGY_7TEV_UPPER_LIMIT) AND (ENERGY ≥ ENERGY_7TEV_LOWER_LIMIT) ) AND 

((MODE = “STABLE_BEAMS”) OR (MODE = “UNSTABLE BEAMS”))

Formula for STABLE_BEAMS_FLAG (only in the LHC):
STABLE_BEAMS_FLAG = TRUE when 

((ENERGY ≤ ENERGY_7TEV_UPPER_LIMIT) AND (ENERGY ≥ ENERGY_7TEV_LOWER_LIMIT) ) AND 

(MODE = “STABLE_BEAMS)

N.B. These flags are NOT unique to each beam.


2.1 FULL LISTING OF SAFE_BEAM_FLAG THRESHOLDS
The Safe Beam Flag in LHC is based on a simple calculation involving the machine Energy and Intensity.  As of November 2007, the basic definition is as follows:

The Safe Beam Flag is True if:
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Where Threshold is a fixed value of 1x1012 protons, this implies that:

1. At injection energy (450GeV), a beam with intensity of 1 x 1012 protons will be considered SAFE, anything above this will be considered UNSAFE.

2. At collision energy (7000GeV), a beam with intensity of ≈9.4 x 109 protons will be considered SAFE, anything above this will be considered UNSAFE.

The range of possible energies has been windowed, and the relevant intensities pre-calculated in order to facilitate the calculation of the Safe Beam Flag within FPGA architectures.

	Name 
	Lower Energy Value
	Upper Energy Value
	Intensity Value

	
	[GeV]
	[16-bit]

[1 = 1.2x108]
	[GeV]
	[16-bit]

[1 = 1.2x108]
	[protons]
	[24-bit]

[1 = 1x108]

	
	0
	0000
	444.840
	0E7B
	Always FALSE
	Always FALSE

	SAFE_BEAM_FLAG_1
	444.960
	0E7C
	565.800
	126B
	1.000E+12
	002710

	SAFE_BEAM_FLAG_2
	565.920
	126C
	681.600
	1630
	6.774E+11
	001A76

	SAFE_BEAM_FLAG_3
	681.720
	1631
	797.520
	19F6
	4.936E+11
	001347

	SAFE_BEAM_FLAG_4
	797.640
	19F7
	913.320
	1DBB
	3.780E+11
	000EC3

	SAFE_BEAM_FLAG_5
	913.440
	1DBC
	1029.120
	2180
	3.002E+11
	000BB9

	SAFE_BEAM_FLAG_6
	1029.240
	2181
	1145.040
	2546
	2.450E+11
	000992

	SAFE_BEAM_FLAG_7
	1145.160
	2547
	1260.840
	290B
	2.044E+11
	0007FB

	SAFE_BEAM_FLAG_8
	1260.960
	290C
	1376.760
	2CD1
	1.735E+11
	0006C6

	SAFE_BEAM_FLAG_9
	1376.880
	2CD2
	1492.560
	3096
	1.494E+11
	0005D6

	SAFE_BEAM_FLAG_10
	1492.680
	3097
	1608.360
	345B
	1.302E+11
	000516

	SAFE_BEAM_FLAG_11
	1608.480
	345C
	1724.280
	3821
	1.147E+11
	00047A

	SAFE_BEAM_FLAG_12
	1724.400
	3822
	1840.080
	3BE6
	1.019E+11
	0003FB

	SAFE_BEAM_FLAG_13
	1840.200
	3BE7
	1956.000
	3FAC
	9.124E+10
	000390

	SAFE_BEAM_FLAG_14
	1956.120
	3FAD
	2071.800
	4371
	8.225E+10
	000336

	SAFE_BEAM_FLAG_15
	2071.920
	4372
	2187.600
	4736
	7.458E+10
	0002E9

	SAFE_BEAM_FLAG_16
	2187.720
	4737
	2303.520
	4AFC
	6.800E+10
	0002A7

	SAFE_BEAM_FLAG_17
	2303.640
	4AFD
	2419.320
	4EC1
	6.229E+10
	00026E

	SAFE_BEAM_FLAG_18
	2419.440
	4EC2
	2535.240
	5287
	5.730E+10
	00023D

	SAFE_BEAM_FLAG_19
	2535.360
	5288
	2651.040
	564C
	5.292E+10
	000211

	SAFE_BEAM_FLAG_20
	2651.160
	564D
	2766.840
	5A11
	4.905E+10
	0001EA

	SAFE_BEAM_FLAG_21
	2766.960
	5A12
	2882.760
	5DD7
	4.561E+10
	0001C8

	SAFE_BEAM_FLAG_22
	2882.880
	5DD8
	2998.560
	619C
	4.254E+10
	0001A9

	SAFE_BEAM_FLAG_23
	2998.680
	619D
	3114.360
	6561
	3.978E+10
	00018D

	SAFE_BEAM_FLAG_24
	3114.480
	6562
	3230.280
	6927
	3.730E+10
	000174

	SAFE_BEAM_FLAG_25
	3230.400
	6928
	3346.080
	6CEC
	3.505E+10
	00015E

	SAFE_BEAM_FLAG_26
	3346.200
	6CED
	3462.000
	70B2
	3.302E+10
	00014A

	SAFE_BEAM_FLAG_27
	3462.120
	70B3
	3577.800
	7477
	3.116E+10
	000137

	SAFE_BEAM_FLAG_28
	3577.920
	7478
	3693.600
	783C
	2.946E+10
	000126

	SAFE_BEAM_FLAG_29
	3693.720
	783D
	3809.520
	7C02
	2.791E+10
	000117

	SAFE_BEAM_FLAG_30
	3809.640
	7C03
	3925.320
	7FC7
	2.648E+10
	000108

	SAFE_BEAM_FLAG_31
	3925.440
	7FC8
	4041.240
	838D
	2.517E+10
	0000FB

	SAFE_BEAM_FLAG_32
	4041.360
	838E
	4157.040
	8752
	2.395E+10
	0000EF

	SAFE_BEAM_FLAG_33
	4157.160
	8753
	4272.840
	8B17
	2.283E+10
	0000E4

	SAFE_BEAM_FLAG_34
	4272.960
	8B18
	4388.760
	8EDD
	2.179E+10
	0000D9

	SAFE_BEAM_FLAG_35
	4388.880
	8EDE
	4504.560
	92A2
	2.082E+10
	0000D0

	SAFE_BEAM_FLAG_36
	4504.680
	92A3
	4620.480
	9668
	1.992E+10
	0000C7

	SAFE_BEAM_FLAG_37
	4620.600
	9669
	4736.280
	9A2D
	1.908E+10
	0000BE

	SAFE_BEAM_FLAG_38
	4736.400
	9A2E
	4852.080
	9DF2
	1.829E+10
	0000B6

	SAFE_BEAM_FLAG_39
	4852.200
	9DF3
	4968.000
	A1B8
	1.755E+10
	0000AF

	SAFE_BEAM_FLAG_40
	4968.120
	A1B9
	5083.800
	A57D
	1.686E+10
	0000A8

	SAFE_BEAM_FLAG_41
	5083.920
	A57E
	5199.720
	A943
	1.622E+10
	0000A2

	SAFE_BEAM_FLAG_42
	5199.840
	A944
	5315.520
	AD08
	1.561E+10
	00009C

	SAFE_BEAM_FLAG_43
	5315.640
	AD09
	5431.320
	B0CD
	1.503E+10
	000096

	SAFE_BEAM_FLAG_44
	5431.440
	B0CE
	5547.240
	B493
	1.449E+10
	000090

	SAFE_BEAM_FLAG_45
	5547.360
	B494
	5663.040
	B858
	1.398E+10
	00008B

	SAFE_BEAM_FLAG_46
	5663.160
	B859
	5778.840
	BC1D
	1.350E+10
	000086

	SAFE_BEAM_FLAG_47
	5778.960
	BC1E
	5894.760
	BFE3
	1.304E+10
	000082

	SAFE_BEAM_FLAG_48
	5894.880
	BFE4
	6010.560
	C3A8
	1.261E+10
	00007E

	SAFE_BEAM_FLAG_49
	6010.680
	C3A9
	6126.480
	C76E
	1.220E+10
	000079

	SAFE_BEAM_FLAG_50
	6126.600
	C76F
	6242.280
	CB33
	1.181E+10
	000076

	SAFE_BEAM_FLAG_51
	6242.400
	CB34
	6358.080
	CEF8
	1.144E+10
	000072

	SAFE_BEAM_FLAG_52
	6358.200
	CEF9
	6474.000
	D2BE
	1.109E+10
	00006E

	SAFE_BEAM_FLAG_53
	6474.120
	D2BF
	6589.800
	D683
	1.075E+10
	00006B

	SAFE_BEAM_FLAG_54
	6589.920
	D684
	6705.720
	DA49
	1.043E+10
	000068

	SAFE_BEAM_FLAG_55
	6705.840
	DA4A
	6821.520
	DE0E
	1.013E+10
	000065

	SAFE_BEAM_FLAG_56
	6821.640
	DE0F
	6937.320
	E1D3
	9.837E+09
	000062

	SAFE_BEAM_FLAG_57
	6937.440
	E1D4
	7053.240
	E599
	9.559E+09
	00005F

	SAFE_BEAM_FLAG_58
	7053.360
	E59A
	7169.040
	E95E
	9.294E+09
	00005C

	SAFE_BEAM_FLAG_59
	7169.160
	E95F
	7284.960
	ED24
	9.040E+09
	00005A

	SAFE_BEAM_FLAG_60
	7285.080
	ED25
	7400.760
	F0E9
	8.797E+09
	000057

	SAFE_BEAM_FLAG_61
	7400.880
	F0EA
	7516.560
	F4AE
	8.564E+09
	000055

	SAFE_BEAM_FLAG_62
	7516.680
	F4AF
	7632.480
	F874
	8.341E+09
	000053

	SAFE_BEAM_FLAG_63
	7632.600
	F875
	7748.280
	FC39
	8.127E+09
	000051

	SAFE_BEAM_FLAG_64
	7748.400
	FC3A
	7864.200
	FFFF
	7.921E+09
	00004F


3. FORCING and TUNING

It is possible to remotely tune the threshold of SPS PROBE BEAM (PROBE_BEAM_LIMIT), and to remotely force the Safe Beam Flags.
Note that this FORCING and TUNING must take into account that there will be two generators in the SPS SMP and two more in the LHC SMP.  Multiple values must be written.

3.1 TUNING THE SPS PROBE BEAM FLAG

It is possible to adjust the value which is used for the calculation of the PROBE BEAM FLAG in the SPS Flag Generator.  The value written must be the beam intensity in 24-bits (1-bit = 1x108 charges) and must be less than the value for PROBE_BEAM_LIMIT.  Writing an invalid value will result in the value of PROBE_BEAM_LIMIT being used for the calculation.
3.2 FORCING LHC Safe Beam Flag FALSE

The LHC Safe Beam Flags can be forced FALSE, by setting bits in the SMP Generators.  It will be possible to force any of the four Safe Beam Flags to FALSE independently of the other safe beam flags.

1. SAFE BEAM FLAG 1 A

2. SAFE BEAM FLAG 1 B

3. SAFE BEAM FLAG 2 A

4. SAFE BEAM FLAG 2 B

Details regarding the methods to force the flags will be made available in due course.
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