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�PURPOSE AND SCOPE

This standard operating procedure covers the use of fiber-coupled diode lasers for the optical pumping of 3He gas. The lasers will be used to polarize 3He-gas for experiments on 1FP02 at MLNSC.

DESCRIPTION OF LASERS 

Fiber-Coupled Diode Laser

"Fiber-Coupled Diode Laser" refers to the enclosed laser system which includes the diode laser array, power supply, cooling unit, control unit and fiber for light transmission. The output power of these lasers at the end of the fiber is close to 20 watts at a wavelength of 794 nm, which is in the invisible infrared region. The output power density at the end of the fiber is up to 600 watts/cm2. The divergence of the laser beam is about 10 degrees. The diode lasers are operated in continuous wave mode.

Laser Classification

During alignment and installation when the laser beams are not enclosed, the diode lasers are classified as Class 4 (AR5-02). Direct viewing of laser light or scattered reflections (specular or diffusion) can cause irreversible eye damage. In addition, these lasers are fire hazards and can cause skin damage. Under normal operation conditions, the laser beams will be completely enclosed, and thus can be considered Class 1.

Other Information

The laser system is used to polarize high pressure 3He gas. Fig. 1 shows the optically-polarized 3He set-up. Circularly polarized laser light polarizes Rb atoms in a glass cell which also contains 3He gas.  Spin-exchange processes between Rb and 3He nuclei will polarize the 3He gas. All lasers and beam steering optics are mounted firmly to the support structure of the 3He setup. The diode laser beams will travel about 1 foot to the 3He cell located in the oven where the laser beam is terminated safely. Hazards and safety procedures for the 3He cell and oven are described in MLNSC-SOP-03 "Use of High Pressure Glass Cells for anOptically-Polarized 3He Target".

There will be two levels of training and responsibility for personnel using the fiber-coupled diode lasers:

Laser Operators have proper training (AR5-02) and authorization from the line manager and extensive experience with the diode lasers in the corresponding applications. They may perform all the tasks associated with the lasers, such as alignment, tuning, powering on or off, and using different measurement instruments like power meters, wavelength meters or spectrometers. Laser operators may work on the system when the laser beam is not enclosed (when  the system is Class 4). At all times, there will be a Laser Operator on duty. He/she is responsible for overseeing the safety of visitors and other experimenters and the integrity of the  laser safety system. A listing of Laser Operators is included as Attachment 1 to this SOP.

Other experimenters must read this SOP, but no other laser safety training is required. They have free access to the experimental cave if the laser beam is enclosed. Like non-experimenters and visitors, they will be escorted by a Laser Operator at all times when the laser beam is not enclosed.

HAZARDS

Hazards associated with the operation of the diode laser system fall into two categories: laser radiation and electrical hazards.

Laser Hazards

When the laser beam is not enclosed, the fiber-coupled diode laser emits light continuously in the near infrared region, 794 nm, and is capable of producing close to 20 W of power. Looking directly into the laser beam will cause permanent eye damage. The output power from these lasers is high enough to catch clothing or paper on fire and burn the skin. The divergence of the light beam from the fiber is about 10 degrees.  Thus, dangerous laser light can cover large areas and unexpected reflections can be created. If the laser beams are enclosed, there is no significant hazard from laser radiation.

Electrical Hazards

Electrical hazards are minimal since the laser units are manufactured to meet the OSHA standards. However, all connecting cables should be inspected for frayed ends and replaced immediately if fraying exists. If units needs servicing, it should be performed by qualified electronics technician only, and shall be done in accordance with the procedure of the manufacturer. No work will be performed on live (energized) circuits unless specific approval has been obtained. Work performed on energized equipment will be done in accordance with applicable LANL regulations and procedures.

LASER AREA CONTROLS

Laser Controlled Area

Any space where a person can be exposed to a Class 4 laser beam, must be designated as a "Laser Controlled Area.", per ANSI Z136:1-1986, section 4.3.12.

The fiber-coupled laser system will be used in the 11-m station of 1FP02 at ER1. This area has two entrances, the 11-m station door and the cryostat cave door. Both doors are interlocked with a Personnel Security System (PSS).

There are two distinct modes of operation.

The entire 11-m station will be a Laser Controlled Area whenever the laser beam is on and the laser beam is not enclosed.

During the normal operation, the beam is completely enclosed, the entire experimental cave is considered a Class 1 Laser Area, and no special controls are required.

Whenever the laser beam is not enclosed, the entry to the Laser Controlled Area will be locked. The key to the entry will be held by the Laser  Operator on Duty. Only a Laser Operator will be allowed to enter the area unescorted. The Laser Operator on Duty will apprise personnel not familiar with the experiment of the hazards in the Area before admitting them. Individuals who are not Laser Operators, such as support staff, will be accompanied by a Laser Operator at times that they are in the Laser Controlled Area, and be required to wear goggles.

When the experimental area is a Laser Controlled Area, there is a flashing red light indicating "Danger", a laser warning sign, a sign listing the Laser Operator on Duty, and a supply of appropriate safety glasses at the entry doors. Panic buttons for emergencies are located near the laser system and the doors to the experimental area. The panic buttons will turn off the lasers.

At the entries to the experimental cave are the standard three-light warning system which will be manually operated. The warning lights will display the status of the area. "Danger" will be illuminated whenever the lasers are powered and the beams are not enclosed. "Caution" will be signify the lasers are on, but the beams are enclosed, which is the normal operation. "Safe" will be illuminated only when the power supplies are turned off.

Other Engineering Controls

We enumerate here the steps taken to reduce the hazard level of the Class-4 laser system.

The diode lasers and all associated optics are mounted on stable platforms. The optics are mounted inside a enclosure. Therefore, inadvertently bumping the table or the target will not cause significant beam deflection.

Periodically, direct access to the area inside the Helmholtz coils will be required throughout the experiment. With a manual shutter the laser beam will be blocked. Then the laser system can be considered a Class 1 Laser System.

Proper laser safety glasses for the infrared beams will be available at the entrances of the area. They will be used as a matter of course during accesses to the area.

Under  normal operation, once the lasers are tuned and aligned, the beams from the lasers will be completely enclosed.

The fiber of the laser will bear a tag "DANGER Hazardous Laser Radiation When Disconnected" and a fixture will be mounted so that the fiber connector can be disconnected only with a tool.

STANDARD PROCEDURES FOR LASER OPERATION

During any Laser Operation

The following general procedures will be used throughout the experiment regardless of the mode of operation of the lasers:

Laser glasses will be available to all personnel in the Laser Controlled Area. Laser safety glasses will be worn by everyone who enters the Laser Controlled Area when the lasers are in operation.

Signs will be mounted on the entry door to the Laser Controlled Area stating hazards that may exist within the Laser Controlled Area while the lasers are in operation and identifying the Laser  Operator on Duty.

While the lasers are not enclosed, only Laser Operators may have unescorted access to the Laser Controlled Area. Visitors who have obtained permission to enter the area from the Laser Operator on Duty, will be escorted by a Laser Operator at all times.

Manual beam blocks have to be kept available in the experimental area.

All adjustable optics will have limited travel and will be firmly mounted. The beam path will be terminated with a beam block inside the oven.

At all times that the laser is in operation, one person from the list of Laser Operators, designated as the Laser Operator on Duty, will be available to answer all questions, routine or otherwise, that may come up with respect to that laser and its operation. The Laser Operator on Duty will be responsible for coordinating all aspects of operating the laser system. The Laser Operator on Duty will keep the area free of personnel who do not fully understand the dangers due to the lasers. He/she will keep the key to the area and brief those who need to work in the area so that they understand the hazard. When unlocking the area for visitors, the Laser Operator on Duty will confirm that the laser beam is enclosed or will shut off the lasers or provide the visitors with laser safety glasses and ensure they are escorted by a Laser Operator

Alignment of Optics

In addition to the procedures outlined in the previous section, the following procedures will be followed during an alignment of optics:

Whenever the laser beam is not completely enclosed, the cave doors will be closed and the "Danger" sign will be illuminated. Only a Laser Operator may perform these major alignment/installing procedures.

The beam will be methodically monitored with either fluorescent cards or an infrared camera. The beam will remain blocked at the nearest downstream point from the optic element being aligned to ensure that it does not stray from its intended course.

Beam blocks shall be placed in front of the beam wherever it is at eye level.

Occasionally during alignment, and definitely before leaving the room or observing a beam with unprotected eyes, the area will be swept with an infra-red camera to be sure no stray beams or reflections exist.

After alignment, the Laser Operator will check that the laser warning light is in the correct configuration, and will ensure that the experimental area is in a safe configuration, and will inform the Laser Operator on Duty what was done.

Objects that can reflect a laser beam (necklaces, bracelets, watches, badges) and items that can catch on fire (loose clothing, paper, lens tissue, cleaning solvents) shall be kept away from the beams.

Normal Operation

During normal operation, the laser radiation is completely confined to a well defined path terminating at or just after the 3He cell. 

EMERGENCY PROCEDURES

All accidents will be reported to the P-23 group office after emergency remediation procedures have been completed.

Common Accidents

Falls, cuts, spills, etc.:  shut down laser system to prevent injury while tending the accident.

Laser Accident

In case of an emergency with the lasers, shut down the laser by either:

Turning off the laser power with the OFF switch located on the power supply.

Hit a laser panic button.

In the event of eye injury due to the laser beam, the injured person will be immediately taken to the LANL Occupational Medicine clinic or an emergency room for the treatment. If possible, someone should call and alert the emergency room personnel while the injured person is in transit. Eye injuries from infrared lasers are often painless, so frequently the victim does not seek immediate medical attention. Because of this, it is imperative that the victim is provided immediate medical attention, whether or not he/she feels it is necessary, and that the group management is notified as soon as possible after the injury has occurred.

Fire

In case of fire, pull the nearest fire alarm box. Back up the box pull by dialing 911 and give your name, tech area (TA-53), building and room number, and state the nature of the emergency. Stand by outside the building to assist emergency personnel.  If an ambulance is needed, dial 911, give your name, tech area (TA-53), building and room number, state the nature of the emergency. If medical help is needed and 911 can not be called in a timely manner, a fire alarm box can be pulled. Such action will bring a rescue team with the other fire equipment; but will not bring an ambulance. The intercom system can also be used in emergencies. Use the CCR (Central Control Room) channel to notify an operator.

Electrical Shock

If any person is a victim of an electrical shock and is still touching the source, NO attempt shall be made to aid the victim until the power source has been de-energized or the person is removed with an insulated instrument. If the victim's heart is stopped, CPR will be administered and 911 called. Notify the group management as soon as possible.

TRAINING

All experimenters will be trained in this SOP by a Laser Operator to be sure they are well acquainted with the specific hazards presented by this experiment.

All Laser Operators must be registered with ESH-5 as laser personnel with Form 1556. They must read AR5-2 and TB501. They are required to take the Laboratory Laser Safety Orientation (Course #670) and the Laser Safety Update (Course #3565) every three years afterwards. Laser Operators also have extensive on-the-job specific training.

Only Laser Operators may enter the cave unescorted or work on the laser system if the beams are unenclosed. Any training to non-experiment personnel who need access to the area will be logged by the Laser Operator on Duty.

RESPONSIBILITIES

Laser Operators performing any given operations have the responsibility to do so safely. They must also ensure that the system is in a safe condition and that the laser  warning sign has the correct configuration when they leave the area. They must inform the Laser Operator on Duty about the status of the areas when they leave and inform the Laser Operator on Duty of any changes they plan to make. Laser Operators who escort visitors into the Laser Controlled Area must ensure that the visitors have been briefed on the hazards, wear laser safety glasses, and follow applicable safety procedures.

The Laser Operator on Duty, as identified at the entry to the Laser Controlled Area, shall perform a semi-weekly inspection to assess the hazards in the area. He/she will rectify any unsafe situation or notify someone who will, and is responsible for ensuring that action is taken.

The Laser Operator on Duty has the authority to shut down any operation that he/she considers unsafe. The Laser Operator on Duty will coordinate all work performed near or with the laser beams. He/she will make sure their name is posted by the entrance to the experimental area. He/she will be on site to answer all questions that may arise. He/she will hold the key to the experimental area, make sure everyone entering understands the hazards, and make sure visitors are wearing safety glasses and escorted if the lasers are on. The Laser Operator on Duty is responsible for closing the laser shutter or turning off the lasers if they believe it is necessary when they let people into the Laser Controlled Area who are not trained in laser safety.

��IMPORTANT TELEPHONE NUMBERS



P-23 Group Leader                   Geoffrey  Greene        667-1673

P-23 Safety Officer                 Bruce Takala            665-2029

P-25 Laser Safety Officer           Dale Tupa               665-1820

P-Division Laser Safety Officer     Steven Greene           667-5607



LASER PERSONNEL

                               Name               z number  phone

Laser Operator                 Seppo Penttila     099196    665-0641
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