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Generation and distribution of Safe LHC Parameters 


	Abstract

For safe operation of the LHC, several parameters must be generated and distributed around the LHC with very high reliability. 

The beam loss monitors system and the injection kickers require a parameter proportional to the energy: “SAFE LHC ENERGY”.

When a flag, the “SAFE BEAM FLAG”, is received by the interlock system, it will be possible to disable some of the interlocks. When the LHC is operating with beam parameters that exclude damage of equipment in case of uncontrolled beam loss, this flag is present. 
For injection of high intensity beam from the SPS into the LHC, the BEAM PRESENCE FLAG must be set. 
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1. Introduction

For safe operation of the LHC several parameters must be generated and distributed around the LHC and to the SPS with very high reliability. A distribution via the controls system does not allow achieving the required level of reliability.
When dumping the beams, kicker and septum magnets must accurately track the particle energy. If the full intensity beam at 7 TeV would be deflected with the wrong strength, LHC equipment would be damaged significantly. 

A parameter, the “SAFE LHC ENERGY” is derived by an ultra reliable system specified in [
] installed in IR6. The parameter is proportional to the momentum of a proton circulating in the LHC, and to the B(( (with B=magnetic field of main dipoles, and ( the bending radius). This parameter is derived from the current in the main dipole magnets in the sectors IR5-IR6 and IR6-IR7.
Several systems, such as beam loss monitors and injection kickers require the information on the beam energy with very high reliability.

When the LHC is operating with beam that cannot damage equipment, the full army of protection devices is not required. This will be the case essentially for commissioning, but also for re-commissioning, special studies and in case of problems. This information will be distributed via the “SAFE BEAM FLAG”. This flag is derived from the “SAFE LHC ENERGY” and from the beam intensity. When the SAFE BEAM FLAG is set, masking some of the interlocks will be permitted. 

Injection of high intensity beam is only permitted when there is already circulating beam in the LHC [
]. The presence of circulating beam is detected by beam current transformers in the LHC [
]. When the beam current is above a predefined threshold, the BEAM PRESENCE FLAG is PRESENT, with beam current below this threshold the flag is NOT PRESENT. For permitting injection of high intensity beam from the SPS into the LHC, the BEAM PRESENCE FLAG must be PRESENT.

This specification defines generation and distribution of LHC SAFE PARAMETERS:

· How to generate the FLAGS
· How to distribute the FLAGS and the SAFE LHC ENERGY
· Who are the clients of the LHC SAFE PARAMETERS
· How do the clients obtain the LHC SAFE PARAMETERS
· How to ensure reliability and availability of the distribution
2. How to make the safe beam flags
Inputs to the SAFE BEAM FLAG for beam 1 (SFB1) and beam 2 (SFB2) are:

· LHC energy coming from the ultra reliable energy tracking system
· For SFB1, intensity of beam 1 measured with a BCT: Ibeam1 
· For SFB2, intensity of beam 2 measured with a BCT: Ibeam2 
· Preset threshold intensity for beam 1: SBI_TH_1, and for beam2: SBI_TH_2
The beam damage potential for beam 1 is given by Ibeam1 · Energy (for beam 2: Ibeam2 · Energy)
If (Ibeam1 · Energy < SBI_TH_1) THEN SFB1 = PRESENT, ELSE SFB1 = NOT PRESENT
If (Ibeam2 · Energy < SBI_TH_2) THEN SFB2 = PRESENT, ELSE SFB2 = NOT PRESENT 

The beam current transformers measuring the beam currents are installed in IR4. The SAFE LHC ENERGY is transmitted from IR6 to IR4. The SAFE BEAM FLAG is generated in IR4. The value for the threshold should normally be fixed. It must be possible to set it to a different value after receiving authorisation (to be defined). The value of the threshold must be logged.
Systems that are involved in making the SAFE BEAM FLAG are the BCT and the ultra reliable energy tracking.
3. How to make the BEAM PRESENCE flags
Inputs to the beam presence flag are:

· For BPF1, intensity of beam 1: Ibeam1 
· For BPF2, intensity of beam 2: Ibeam2 
· Preset threshold value, minimum intensity: MINUMUM_BEAM_INTENSITY 
The beam damage potential for beam 1 is given by Ibeam1  

If (Ibeam1 < MINIMUM_BEAM_INTENSITY) THEN BPF1=NOT PRESENT, ELSE BPF1=PRESENT
If (Ibeam2 < MINIMUM_BEAM_INTENSITY) THEN BPF2=NOT PRESENT, ELSE BPF2=PRESENT 

The BEAM PRESENCE FLAGS are generated in IR4. The value for the threshold should normally be fixed. It must be possible to set it to a different value after receiving authorisation (to be defined). The value of the threshold must be logged. The system that is involved in making the SAFE BEAM FLAG is the BCT.
4. Clients

Clients for the SAFE BEAM FLAG: 
· Beam Interlock systems with 16 Beam Interlock controllers around the LHC. The Beam Interlock System and the location of the controllers is specified in [
].

· Injection kicker: when the SAFE BEAM FLAG is PRESENT, no injection of high intensity beam into the LHC is permitted.
· A beam current transformer in the SPS measures the circulating current. Extraction of high intensity beam is only permitted when the LHC SAFE BEAM FLAG = NOT PRESENT. It must be made sure that by disconnecting a cable no extraction of high intensity beam is permitted.  (is this required???)

Clients for the SAFE LHC ENERGY: 

· Beam Loss Monitor System. The BLM controllers are installed at each LHC point in a surface building.

· Injection kickers installed in IR2 and IR8.
· Extraction system in SPS (in 4 and in 6). If the safe beam flag is present, extraction of high intensity beam is not permitted.  (Question: is this required???)
· Collimators and beam absorbers: when operating with SAFE BEAM, the position of the collimators and beam absorbers is not important.

Clients for the BEAM PRESENCE FLAG: LHC injection systems and extraction systems (is this required???) in SPS 
5. What parameters to distribute
· There is only one value for the beam energy, identical for both beams, that is distributed with two bytes (tbd). 
· There are two beams, and two SAFE BEAM FLAGS. One bit represents one flag.
· There are two beams, and two BEAM PRESENCE FLAGS. One bit represents one flag.

The parameters could be distributed every ms.

How to code the information??

6. Where to receive the parameters
The SAFE LHC PARAMETERS will be distributed from IR4 via optical fibres around the LHC. Reception of the parameters will be with a module in a VME crate used for the Beam interlock controllers (SLP reception module). From this module the data is further transmitted to the users.
Outputs of the module are:
· one connector carrying the two SBFs

· one connector with the SAFE BEAM ENERGY (how: Sequential? Parallel? Via optical fibres?)
· one connector with the beam presence flags… ??

Questions: How to transmit the data to the users? Optical fibres? Copper? What format? How to make sure that the transmission is correct?
7. Components
SAFE LHC PARAMETERS generation in IR4 (SLP generation module): receives energy and beam intensity, allows setting thresholds, distributes data, receives data back transmitted after one turn, compares the parameters with what has been send and possibly dump the beams. Interface to VME is required for monitoring the correct functioning.

SAFE LHC PARAMETER reception module could be installed in the 16 VME crates for the BICs (or a subset of the BICs). Receives the data, makes the local distribution and sends the data to the next SLP reception module.

Interface to the users: is there a special module? To be defined.

8. Possible future applications
It is proposed to foresee in the systems the possibility for transmitting some more parameters. As an example, the safe transmission of the status of the low beta squeeze might be required. 

9. ReliabiliTy
The SAFE LHC PARAMETERS will be generated in the SAFE LHC PARAMETER generation box in IR4 and distributed around the LHC. The parameters will be transmitted back to the generation box. The box will verify if the parameters that are received are identical to the parameters that were transmitted. If there is a difference, a beam dump requests will be issued.
Question: the parameters that are send to the users, how to verify the correct reception? One possibility: handshake, the user sends back the parameters, the SLP reception box verifies that it is identical, if not, generates a beam dump request, for example by setting the parameters to a different value.
10. Questions

· How to avoid crossing over the cables for the two safe beam flags?
· SPS intensity is required
· Confidence on the threshold value for the SAFE BEAM FLAG and on the BEAM PRESENCE FLAG

· Is it required to transmit the parameters across two loops?

· Should one transmit the parameters in a frequency train as the BEAM PERMIT STATUS?

· How exactly to use the Beam Presence Flag and the SPS Safe Beam Flag?

· What to do if the LHC is safe, and the SPS extracts with high intensity?

· Can we use electronics from the timing system?
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