


Introduction – In areas containing more than one laser, define operational sequence or parameters. 
 
This Laser Standard Operating Procedure (LSOP) addresses all aspects of safety and conduct 
specific to the operation and maintenance of the wavelength tunable Ti-sapphire laser at building 
90 room 118, commonly referred to as: EEL 118 Source Lab.   
  
The Laser System Supervisor (LSS) is John Hansknecht. email: hansknec@jlab.org, Extension: 
7096 
 
A copy of the LSOP and related safety information is posted online at: 
http://www.jlab.org/accel/inj_group/safety/safety.html 
 
The approved physical copy of this LSOP is kept at room 118 of building 90, attached to the 
equipment rack for the microMott polarimeter.  The approved official copy is also held online in 
the Jefferson Lab DocuShare library. 
 
 

Personnel 
Only those authorized by the LSS are 

permitted to enter the location noted on 
the cover sheet of this document. 

List: 
• Training and qualification requirements (including refresher training). 
• Medical requirements. 
• Spectator protection requirements. 

 
A list of authorized laser personnel is maintained below.   
 
Authorized Laser Workers have: 
 

a) been qualified by Jefferson Laboratory Occupational Health Physician (SAF 114E) as 
detailed in Section 6410 of the EH&S manual, 
b) taken a laser safety course (SAF 114O) administered by the safety officers at Jefferson 
Laboratory, 
c) read Section 6410 of the EH&S manual, 
d) read and understood this LSOP, 
e) received laser and laser room specific walkthrough training with the LSS. 
f) received SAF104 Lock,Tag, and Try qualification.  

 
Accidental Eye Exposure: Accidental eye exposure to a laser beam requires immediate medical 
attention whether injury is apparent or not.  If possible, the individual should remain and be 
transported in the upright position. 
 
Clothing Requirements: Laser workers must not wear jewelry, badges, or clothing that presents a 
specular reflection hazard. 
 
Spectator Protection Requirements:  Laser Workers may escort Spectators through the laser area 
only after ensuring that the spectators are wearing appropriate safety eyewear and that jewelry, 
badges, or clothing do not present a specular reflection hazard. Spectators are not permitted to 
open the ti-sapphire laser enclosure cover. 
  
 
 

mailto:hansknec@jlab.org
http://www.jlab.org/accel/inj_group/safety/safety.html


Laser 

Define:  
• Laser system specifications.  
• Define laser system components. 
• Copy of laser operating manuals or reference the location of the manual(s). 

 
Wavelength Tunable Ti-sapphire laser    
 
Note, this Ti-sapphire laser is pumped by another laser, a frequency doubled Nd:YVO4 laser that 
poses a class 4 green-light hazard when the Ti-sapphire laser cover is removed.  But we will not 
remove the laser cover at EEL 118.  Rather, the laser will be moved to ARC L309 when extensive 
maintenance is required.  Another LSOP exists that addresses the green light eye hazard for ARC 
L309.   
 
The laser cover is interlocked.  Should the cover be accidentally removed or displaced, the green 
pump laser turns OFF, and this also turns OFF the Ti-sapphire laser.   
 
When originally purchased for the CEBAF photoinjector, the Ti-sapphire laser was capable of 
generating ~ 500mW power.  However for the photocathode evaluation project associated with 
this LSOP, very little laser power is required:  typically << 1 mW of laser power is sufficient to 
generate adequate levels of photocurrent.  To achieve low power and reduce the laser eye hazard 
for this project, the laser was modified to produce less than 10mW output power across the entire 
wavelength tuning range.  This was accomplished by installing a very weak output coupling 
mirror (i.e., a mirror that transmits only a small amount of the total available light).   
 
To further reduce the laser eye hazard, an optical “noise eater” is placed immediately downstream 
of the laser, to further reduce the laser power to ~ 2mW however MPE calculations were 
performed for 10mW maximum power. 
 
The laser will be located beneath the micoMott vacuum apparatus, approximately 12” above the 
floor.  Steering mirrors will be used to deliver the laser light to a bread board at waist height, 
immediately beneath the microMott vacuum apparatus.  Metal enclosures will be mounted to the 
table to prevent exposure to the laser beam traveling vertically enroute to the table top breadboard 
at waist height.   
 
The bread board at waist height will support the optical elements that require adjustment by the 
system operator during photocathode evaluation.  The components located on the breadboard 
include steering mirrors, an optical attenuator used to adjust laser light to obtain the desired level 
of photocurrent, and an electro-optic element referred to as a pockels cell used to create circularly 
polarized light.  Details of the optical transport system and the pockels cell are described below.  
 
After making adjustments to the optical elements on the breadboard at waist height, black cloth 
will be placed around the optical transport system to prevent exposure to laser radiation during 
data taking.  The laser power is insufficient to penetrate the black cloth or create a fire hazard. 
 
Laser safety eyewear will be worn during alignment of optical elements.  Once the metal shields 
and black cloth have been positioned around the optical transport path, and eyewear can be 
removed.    
 
Type of Laser / Class Ti-sapphire with cover installed:  Class 3B 
Manufacturer TimeBandwidth Products 
Model Numbers Tiger-PS-CLX 



Serial Numbers S/N 122 
Wavelength range Tunable through 700-900nm 
Power Range 10mW maximum  
Mode (i.e., time structure) CW/DC beam 
Beam Diameter (collimated, typical) 3mm 
Divergence (uncollimated, typical) Very small 
 
The vendor’s laser operating manual is located near the miniMott polarimeter vacuum 
apparatus, near this LSOP, within EEL room 118.   
 

Hazards and Mitigation 

Define: 
•  Laser-specific hazards.   
• Occupational exposure hazards beyond laser light (e.g. fumes, noise, etc.). 
• Credible non-beam hazards (e.g. environmental hazards). 
• Describe all required personal protective equipment ES&H Manual Chapter 6410 

Appendix T2 Laser Personal Protective Equipment (PPE) (include: clothing 
requirements (e.g.: no reflective jewelry, etc.). 

 
Laser Specific Hazards    
The laser described above may produce optical energies that can damage the eyes.  Refer 
to section for eye MPE calculation results. The laser eye hazard is mitigated by the 
following the procedures detailed in section that references Alignment Guidelines.  These 
procedures specify the use of appropriate eyewear based on the MPE calculations.  
Hazard mitigation for non-affected personnel is provided by enclosing the beam from 
generation to endpoint within metal shield and optical blackout cloth. 
 
As mentioned above, this Ti-sapphire laser is pumped by another laser, a frequency doubled 
Nd:YVO4 laser that poses a class 4 green-light hazard when the Ti-sapphire laser cover is 
removed.  We will not remove the laser cover at EEL 118.  Rather, the laser will be moved to 
ARC L309 when extensive maintenance is required.  Another LSOP exists to cover the green 
light eye hazard for ARC L309.   
 
The laser cover is interlocked.  Should the cover be accidentally removed or displaced, the green 
pump laser turns OFF, and this also turns OFF the Ti-sapphire laser.   
 
When originally purchased for the CEBAF photoinjector, the Ti-sapphire laser was capable of 
generating ~ 500mW power.  However for the photocathode evaluation project associated with 
this LSOP, very little laser power is required:  typically << 1 mW of laser power is sufficient to 
generate adequate levels of photocurrent.  To reduce the laser eye hazard for this project, the laser 
was modified to produce less than 10mW output power across the entire wavelength tuning 
range.  This was accomplished by installing a very weak output coupling mirror.   
 
To further reduce the laser eye hazard, an optical “noise eater” will be placed immediately 
downstream of the laser, to further reduce the laser power to ~ 2mW however MPE calculations 
were performed for 10mW maximum power. 
 
The Ti-sapphire laser is located beneath the vacuum apparatus, near the floor.  Laser light is 
delivered to an optical breadboard at waist height using steering mirrors.  Metal shields attached 
the table prevent exposure to the vertical beam enroute to the optical breadboard. 
 



Once the optical elements on the breadboard have been aligned, black cloth will be placed around 
the laser beam path at waist height to prevent accidental exposure to laser light during the data 
taking portion of the experiment.   
 
 
Non-Laser Hazards 
Historically we have listed high voltage as a hazard associated with lasers.  Since the 
advent of solid state lasers, this is no longer an issue because they run at low voltage. 
Any item requiring high voltage, (e.g.  Pockels cells) will have electrically insulated 
connections making the high voltage inaccessible to the worker during operation. 
 
 
 

Laser Environment 
System designs, including interlocks, 
require hazard evaluation review by 

SME. 

Define:  
• Layout of the laser controlled area and/or table.  (Show beam location in relation to 

user (waist height preferable).) 
• Interlock schematic (or similar) (including smoke detector interlocks). 
• Room lighting conditions during laser use and alignment procedure(s). 
• Targets. 
• Primary and all likely beam paths (open or enclosed). 

 
• The Ti-sapphire laser is positioned beneath the microMott vacuum apparatus, near 

the floor of EEL rm 118.  Light exits the laser house, passes through an optical 
“noise eater” that serves to reduce laser power from 10 to 2mW and is then 
directed upward to at breadboard mounted to the table top at waist height, using 
steering mirrors 

• Once the alignment of the laser beam from Ti-sapphire to the breadboard at waist 
height is deemed satisfactory, metal enclosures are fixed to the apparatus to 
prevent exposure to light that exists below the table top. 

• The laser light at table-top level passes through a pockels cell, an optical 
attenuator, and is then directed into the microMott vacuum apparatus using 
steering mirrors.   

• The pockels cell is used to create circularly polarized laser light, and is driven 
with voltage at ~ 3000kV.  There are no exposed high voltage leads. 

• Black cloth is placed around the laser path at table-top level to prevent exposure 
to laser light during photocathode evaluation. 

 



Laser Room and optical table layout of Room 118.
 
 

Written Procedure 
for Use 

and 
Alignment 

Provide: 
• All process steps
• All process steps

alignment.
• Maintenance and service.
• Off-nor

 
In normal use, the laser system described by this LSOP 
enclosed to class 1 conditions under remote control.  
exposure to laser radiation.  Laser eyewear is not required in this mode of operation
the optical shielding in place.  When aligning the class 3B beam without the shielding, 
proper laser protective eyewear is required.
 
Maintenance & Service 
 
Routine maintenance of the laser system
mirrors and adjustment of the optical attenuator used to set the level of photocurrent.  In 
addition, the alignment of the pockels cell requires the insertion of a photodiode near the 
vacuum window of the vacuum apparatus.  
routine and will only be performed by qualified authorized staff listed in this LSOP
Major Ti-Sapphire alignment:  If alignment or cleaning of mirrors, lenses, crystals, etc. 
within the main Ti-Sapphire chassis is required, the laser will be carried to our ARC lab 

Laser Room and optical table layout of Room 118. 

All process steps – including unattended operation controls. 
All process steps for detailed alignment – Include manufacturer’s protocols for 
alignment. 
Maintenance and service. 

normal and emergency procedures (e.g. beam loss, fire). 

, the laser system described by this LSOP operates as a class 3B 
under remote control.  Metal shield and black cloth prevent 

Laser eyewear is not required in this mode of operation,
When aligning the class 3B beam without the shielding, 

tective eyewear is required. 

of the laser system consists of realignment and cleaning steering 
mirrors and adjustment of the optical attenuator used to set the level of photocurrent.  In 

f the pockels cell requires the insertion of a photodiode near the 
vacuum window of the vacuum apparatus.  These procedures are generally considered 
routine and will only be performed by qualified authorized staff listed in this LSOP.  

If alignment or cleaning of mirrors, lenses, crystals, etc. 
Sapphire chassis is required, the laser will be carried to our ARC lab 

 

’s protocols for 

a class 3B laser 
Metal shield and black cloth prevent 

, with 
When aligning the class 3B beam without the shielding, 

steering 
mirrors and adjustment of the optical attenuator used to set the level of photocurrent.  In 

f the pockels cell requires the insertion of a photodiode near the 
generally considered 

 
If alignment or cleaning of mirrors, lenses, crystals, etc. 

Sapphire chassis is required, the laser will be carried to our ARC lab 



309 laser room where we have a class 4 laser area defined.  At this point, the maintenance 
is controlled by the ARC L309 LOSP. 
 

Alignment Procedures 
The following techniques for laser alignment will be used to help prevent accidents 
during alignment.  
 

Procedural Considerations 
1. Watches, rings, dangling badges, necklaces, reflective jewelry are taken off before 

any alignment activities begin. Use of non-reflective tools should be considered. 
2. Access to the room/area is limited to authorized personnel only. 
3. Consider having someone present to help with the alignment. 
4. All equipment and materials needed are present prior to beginning the alignment 
5. All unnecessary equipment, tools, combustible material (if fire is a possibility) are 

removed to minimize the possibility of stray reflections and non-beam accidents. 
6. Persons conducting the alignment have been authorized by the LSS 
7. A NOTICE sign is posted at entrances when temporary laser control areas or unusual 

conditions warrant additional hazard information be available to personnel entering 
the area. 

Alignment Methods to be used for this laser system:  
1. There shall be no intentional intrabeam viewing with the eye.  
2. Co-axial low power lasers should be used when practical for alignment of the primary 

beam. 
3. Reduce the beam power through the use of ND filters, beam splitters and dumps, or 

reducing power at the power supply. Avoid the use of high-power during alignment. 
4. Laser Protective Eyewear shall be worn at all times during alignment. 
5. Beam Control- the beam is enclosed as much as practical, the shutter is closed as 

much as practical during course adjustments, optics/optics mounts are secured to the 
table as much as practical, beam stops are secured to the table or optics mounts. 

6. Areas where the beam leaves the horizontal plane shall be labeled. 
7. Any stray or unused beams are terminated. 
8. Invisible beams are viewed with IR/UV cards, business cards or card stock, craft 

paper, viewers, 3x5 cards, thermal fax paper, Polaroid film or similar technique. 
Operators are aware that specular reflections off some of these devices are possible, 
and that they may smoke or burn. 

9. Intrabeam viewing is to be avoided by using cameras or fluorescent devices. 
10. Normal laser hazard controls shall be restored when the alignment is completed. This 

includes enclosures, covers, beam blocks/barriers have been replaced, and affected 
interlocks checked for proper operation. 

 
 
 
 



Lock, Tag & Try 

The micro-Mott source chamber is routinely accessed to insert new photocathodes. To 
prevent accidental exposure to laser radiation during this activity LOCK/TAG/TRY must 
first be applied to the manual gate valve separating the photocathode chamber from the 
electron beam optics. This manual valve is constructed of stainless steel and fully seals 
the load lock chamber from the remainder of the vacuum and laser systems. 

Procedure for load lock photocathode chamber follows: 

1. Close the manual photocathode valve. 

2. Apply LOCK and TAG to handle of manual gate valve. 

3. TRY to open manual gate valve and if unsuccessful continue, otherwise STOP. 

4. Load lock gun is now secured from laser radiation. 

5. Perform and complete load lock gun vacuum work. 

6. Remove the LOCK and TAG from the manual gate valve. 

The remaining system (mico-Mott chamber) is rarely accessed. Under these special 
circumstances the laser system will be powered off and lockout/tagout applied to the 
power cable.  
 
 
 

Off-normal and Emergency Procedures 
 
In Case of Fire, leave room and pull the fire alarm.  There is nothing flammable in the class 4 area of the laser 
housing, and the class 3B output beam is incapable of being a source of ignition. 
 
 
 

Laser Controls • Describe all controls (administrative and engineering). (If a different control is 
recommended the rationale for not using a typical/recommended control.)  

 
Laser Safety Eyewear To be worn at all times when Laser Workers perform laser work with open class 3b or 

greater beam paths or any potential for exposure exists.   
                                                 
Laser Enclosures The class 3b laser is completely enclosed via optical shielding during running and 

as much as possible during alignment. 
 
 
 



 

 

 
Laser Operational Safety Procedure (LOSP) Form 
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Required Calculations 
• Maximum permissible exposure. 
• Optical density. 
• Nominal hazard zone. 

 
MPE, OPTICAL DENSITY, AND NOMINAL HAZARD ZONE Calculations 
 
The MPE, NOHD, and OD requirement for the eyewear are calculated using software package  Easy Haz 
Industrial LSO (V2.12) by Laser Professionals Inc.   
 
 
Laser parameters needed to calculate these values: 

 
Assumptions: 

• Beams always collimated. 
• Beams are circular. 
• CW beams: exposure 10 seconds for IR lasers, 0.25 seconds for visible lasers 
• 7mm pupil diameter limiting aperture 
• Collimated beam diameter is a “worst case” 1.5mm and lowest possible divergence of 0.2mrad. 

 
Results: 

Laser 
Wavelength 

Worst case 
pulsed 
conditions 

Max average 
power at 
stated pulse 
conditions 

Worst case 
Collimated 
Beam 
Diameter 
(mm) 

MPE 
Ocular 
(W/cm2) 

MPE 
Skin 
(W/cm2) 
CW 

NOHD 
(meters) 

Required 
OD 
(eyewear) 

Any laser type 
@700-900 nm 

n/a .01 Watt 1.5 2.55E-3 3.11 154 
 

1.015 

 
 
Remarks:   

1.  OD rating printed on eyewear must meet or exceed the calculated value of required OD. 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 



 

 

 
Laser Operational Safety Procedure (LOSP) Form 
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Labeling/Posting 
(See ES&H Manual Chapter 6410 

Appendix T5 Laser Labeling/Posting 
Requirements 

• Equipment/area labeling/posting requirements. 
• Area signs. 

[Start Typing Here]  
 
 

Authorized/Trained Individuals 
Print Name/Signature Date 

John Hansknecht  
Matt Poelker  
Marcy Stutzman  
Joe Grames  
  
  

 
1.0 Revision Summary 
 

Revision 1 – 12/05/10 – Updated to reflect current laboratory operations. 
 

 
ISSUING AUTHORITY 

TECHNICAL 
POINT-OF-CONTACT APPROVAL DATE EFFECTIVE DATE EXPIRATION DATE REV.  

 

 ESH&Q Division Dick Owen 12/06/10 12/06/10 12/06/15 1  
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