Laser-Electron Accelerator Facility (LEAF) 

Working Procedures

Administrative Controls Description:

General comments for all work in Laser-Electron Accelerator Facility (LEAF) Laser Controlled Areas (LCAs).

1. All lasers under this Standard Operating Procedure (SOP) are operated in the LCAs at LEAF described above.  Appropriate warning signs are posted at each entrance.  All lasers have mandated labels.  Flashing warning signs, activated whenever the interlock system is live, are mounted outside the main laser room entrances.  Yellow warning lights are lit at the doors to the vault when its interlock system is active.

2. Remember that Class 4 laser beams are dangerous to view even in diffuse reflection.  Class 4 limits and maximum permissible exposures (MPEs) for all wavelengths emitted by lasers covered by this SOP are listed in the section “Analyze the Laser System Hazards” above, and eyewear requirements are listed in the eyewear table below.  Requirements for when/what eyewear is required are discussed below.

3. Before working within the laser nominal hazard zones at LEAF, users must remove personal objects that might intercept a beam accidentally during work.  This is especially true for shiny BNL badges attached to ropes around your neck or even clipped to shirts, and things like rings and watches when making laser adjustments.  Such objects make very good reflectors that could cause specularly reflected beams to leave the NHZ in an uncontrolled fashion.

4. Users must use good sense in avoiding actions that place themselves or co-workers at risk of laser-related injuries.  Users must be aware of others in the LCA, especially those who enter the area while work is in progress.  

5. If at any time a user is unsure of the correct procedure to follow, the user shall STOP and seek the advice of the responsible Principal Investigator (PI).

6. Definitions:

a. Operation – use of laser systems; will involve energy adjustments via waveplate/polarizer pairs already in place.

b. Gross alignment – any procedure where beams are not already on optical components, or those that may lead to beams leaving established paths and optical surfaces.

c. Simple/normal alignment – procedures where beams do not leave established beam paths/optical surfaces/beam stops.

Operation SOP:

1. Except during alignment procedures, all primary and specular beams, as well as diffuse reflections from Class 3B and 4 beams must be contained on the laser tables using non-combustible diffusely reflecting or absorbing laser beam stops that do not create hazardous vapors.  Class 3B and 4 beams between tables across open floor space must be enclosed in protective tubes.  All optics must be solidly attached to laser tables so that accidental “bumps” cannot send beams in unknown directions.  Physical protection must be provided from vertical beams or any other situation where unexpected exposure might occur.  Under these conditions, the nominal hazard zone is confined to the areas above the laser tables, and eye protection as specified below is required for work within the nominal hazard zone.  Any light outside the NHZ must be at levels at or below the maximum permissible exposure (MPE).
2. Lasers should be operated at the minimum intensity consistent with experimental requirements.

3. Nd:YAG lasers must be used with enclosed termination of all unused harmonics.

4. Users must know and follow the routine operation instructions for all lasers as described in the manuals provided by the laser vendors. 

5. A common operation procedure is the adjustment of the amplifier pump energy, by rotating wave plates in the amplifier box.  While this does not involve moving any beams, users must:

a. Wear eye protection for 800 nm (532 nm is optional; if worn, users must know ahead of time where the beams are to avoid skin burns).

b. Do not put any objects (fingers, watches, cards) in any beams.

c. Only open the amplifier cover as much as necessary, and close the covers when done.

6. Another common procedure is measuring the output energy of the amplifier and it’s third harmonic:

a. Wear eye protection for invisible beams including both 800 nm and 266 nm.

b. Do not put any objects (fingers, watches, cards) in any beams.

Alignment SOP:

1. There must be no intentional intrabeam viewing with the eye!!

2. Maintain good housekeeping practices on laser tables; keep the area where you will be working clear of excess objects that might scatter a beam unpredictably, and keep combustible materials away from Class 4 hazards.

3. Consider the use of low power Class 1 to 3A coaxial CW alignment lasers when convenient.

4. During alignment procedures, only persons immediately involved in the procedure are to be in the LCA.  These individuals must have appropriate training and be listed in this document as authorized laser users.


5. When it is possible that hazardous beams are not completely contained on the laser tables, the room must be posted with a temporary alignment warning sign on the door warning those that may enter not to until the procedures are completed and the sign removed.

6. During all times the possibility for inadvertent exposure to laser light exists, appropriate laser safety eyewear must be worn.  The appropriate ratings are listed in the PPE section and discussed further below.

7. Definite termination of the beam path must be in place before the beam is allowed to propagate.  Use moveable beam stops to ensure that uncontrolled propagation does not occur.


8. Alignment procedures are always to be performed with the minimum practical laser power levels and repetition rates.  This is especially true for the output of the primary pump lasers.  In the case of the Quanta-Ray Nd:YAG lasers this can be achieved by the use of long pulse mode that dramatically reduces the high-energy 532 nm output, and produces a much longer pulse width.  Since you must be able to see this beam in order to align it, refer to the comments in #14 below.  The beam energy can be further reduced if necessary by tweaking the harmonic generator off the maximum, though you should be aware that this will also move the beam some.  Inside the TSA amplifier, use the wave plates to minimize the 532 nm energy to the point (nearly minimum) where a good quality beam is just visible before doing alignments.


9. Following a new laser beam set-up or change in alignment, a survey of the (ANSI) Limited Open Beam Path will be conducted to verify that all unwanted beams and reflections have been properly terminated.  Opaque barriers will be used to confine low intensity stray reflections and scattered light to the optical tables.  Any unwanted primary or specular beams in excess of Class 4 thresholds will be terminated in a beam stop within the NHZ that does not produce hazardous diffuse reflections. 

10. Gross alignment of beams from Class 4 lasers into experiments or tunable lasers should be done with beams attenuated as far below Class 4 thresholds as possible, with eye protection adequate for the beam in use.

11. Routine laser-specific alignment procedures may be simple or complex.  In either case, specific procedures are outlined in the operation and alignment manuals supplied by the manufacturers, and they must be followed.

12. Pre-position optical components during gross alignment as best as possible and bolt them down before allowing beams to propagate.

13. Be aware of the potential for errant reflections (stray beams) from and leaked beams transmitted through components such as polarizers and dielectric mirrors.  For example, do not use or rotate calcite polarizers with escape windows without first being sure that all exit beams will be blocked.  Check for stray beams at each step and again after completing all alignment steps.

14. In some circumstances, unobstructed viewing of diffuse reflections from Class 3B beams is non-hazardous as long as reasonable care is taken.  In cases where it is necessary to view diffuse reflections from Class 3B laser beams in order to align them, the following apply:

a. Heightened awareness of beam hazards is necessary during such procedures.  Special care and planning is needed to insure that unexpected specular reflections do not occur, and that hazards from other beam sources are controlled.

b. Consider other ways first that do not require direct viewing of diffuse reflections (viewers, emissive cards).

c. Use the minimum possible energy consistent with the task at hand.

d. Discuss new procedures with a colleague in order to identify safe methods.

e. Use only cards without shiny surfaces to produce only diffuse reflections.

f. Minimize viewing time of the beam on a card; often only a second or two is necessary to align a beam.  

g. Do not put your face close to the source of diffuse reflections; use cards at arm’s length away when possible.

h. Consult the eyewear PPE table below for ODs need for diffuse reflections of the primary laser sources, and the discussion below it on how to limit the hazard to below the MPE by using primarily lower power, distance from the source, and viewing time.

i. If you are not absolutely sure about the safety of the procedure you are doing, stop and seek assistance from the appropriate PI and/or other reference person such as the department LSC or BNL LSO.

Maintenance SOP:

1. Laser users will conduct some routine maintenance.  This includes procedures such as replacement of the flash lamps and cooling water in the Nd:YAG lasers, optics cleaning and/or replacements in all lasers.  All of these procedures are to be conducted in strict accordance with the methods described in the laser manuals provided by the manufacturers, and only by individuals with appropriate training who are listed in this document.  Any maintenance on BNL constructed equipment will only be performed under the direction of the appropriate PI.

2. Non-routine maintenance and troubleshooting is a serious matter, as injury or damage to equipment could result from actions taken in unfamiliar circumstances.  When an uncharacterized fault condition exists, some actions that would be safe under ordinary conditions may have unsuspected hazards.  Diagnostic work on optics or electronics will thus only be undertaken strictly following specific instructions in the manufacturer’s laser manual, or in consultation with the manufacturer’s service engineering staff.  When there is any uncertainty about the safety of a diagnostic procedure, don’t do it, and seek additional expert guidance.  The laser manufacturer’s field service engineers may be required to perform specialized maintenance tasks for which lab employees lack specific expertise and training.
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