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1. Introduction
1.1 Personnel Concerned
The TSO of this area is Martin GASTAL.
The laser is under the daily responsibility of David BAILLEUX, the second expert is Guy Chevenier. 

Liyuan Zhang is the 3rd expert based in USA.  
Since 2012 we have a new laser based on Saclay group responsibility, included Marc Dejardin and Jean Louis Faure as main responsible.  
The laser is also used by operators: 

Emanuele Di Marco, Adolf Bornheim, Jan Veverka.
Laser operators are not trained to do the laser maintenance or service 
so they are not directly in front of any beam path.
This safety inspection covered laser safety for the ECAL laser system installation, electrical and other safety issues should be assessed by DGS-SEE-SIS (General-Safety-Visits.Service@cern.ch, tel. 74815).
1.2 Description
The ECAL monitoring light source consists of 5 laser systems with diagnostics, 2 fiber optic switches and PCs. From 2012 we have added 2 new lasers to our system, to replace progressively the old lasers.  
The lasers are: 
· 3 Quatronix lasers, two 440-550nm and one 700-800nm.

· Photonics laser DP2-447nm,

· Laser-compact group, green laser, 527 nm

The monitoring light source in operation consists of 2 or 3 laser systems online depending of choice, so that a total of 6 wavelengths, 440, 447, 495, 527, 709 and 796 nm are available by using an optical switch. 
Most of the time ECAL is running with the 3 wavelengths 440, 447 and 527nm . 
Spare laser system, one of the old Quantronix laser, can also be used independently. The switching between the main monitoring laser and the spare laser is done manually.
2. Lasers concerned by this inspection:
Lasers installed in lab (these ISI forms may refer to this document):

	ISI ID
	Class
	Type
	mode
	Output/pulse
	Average Power 100Hz
	λ1
	λ 2
	freq
	Pulse length ns
	Model
	Divergence mRad
	Output dia. mm

	x
	4
	DP-447
	P
	1mJ
	0.1W
	447
	
	0-200Hz
	30
	Photonics
	1.58
	0.8

	x
	4
	TECH 527 basic
	p
	250uJ
	>0.5W
	527
	
	0-4KHz
	<5ns
	Laser compact group Moscow
	3
	0.6

	x
	4
	Nd-YLF
	P
	25 mJ
	2.5W
	1054
	527
	10Hz-1KHz
	200
	Quantronix
	0.9
	1.6

	518
	4
	Nd-YLF
	P
	25 mJ
	2.5W
	1054
	527
	10Hz-1KHz
	200
	Quantronix
	0.9
	1.6

	519
	4
	Nd-YLF
	P
	25 mJ
	2.5W
	1054
	527
	10Hz-1KHz
	200
	Quantronix
	0.9
	1.6

	506
	4
	Ti :S
	P
	1 mJ
	0.1W
	440
	495
	100 Hz
	30 
	Quantronix
	0.9
	1.6

	517
	4
	Ti :S
	P
	1 mJ
	0.1W
	440
	495
	100 Hz
	30
	Quantronix
	0.9
	1.6

	520
	4
	Ti :S
	P
	1.48mJ
	0.15W
	710
	796
	100 Hz
	40
	Quantronix
	0.9
	1.6

	516
	3b
	HE-NE
	CW
	
	0.8mW
	633
	-
	-
	
	Oriel
	
	


CERN Laser Register: EDMS 1025972
2.1 Laser characteristics
a) Quantronix: 

each laser system consists of an Nd:YLF pump laser, its power supply and cooler unit and corresponding transformer, a Ti:Sapphire laser and its controller, and a NESLAB cooler for the LBO crystal in the Ti:S laser. Each pair of the YLF and Ti:S lasers and their corresponding optics are mounted on an optical table. 

· All 3 pump lasers are model 527DQ-S Q-switched green Nd:YLF laser, which is a commercial product by Quantronix. It provides frequency doubled laser pulse at 527 nm with pulse intensity up to 20 mJ at repetition rate up to 1 kHz. 
· All 3 Ti:S lasers are custom made Proteus UV(SHG) laser from Quantronix, which provides pulse intensity up to 1 mJ at repetition rate up to 100 Hz. The wavelength of the Ti:S laser is tunable by choosing appropriate built-in filter. 2 wavelengths are available for each Ti:S laser.
Pump laser: Quantronix Nd:YLF  laser, Q-switched (*YLF = Yttrium Lithium Fluoride): 
The 527DQE-S incorporates an intracavity double-pass SHG (Second Harmonic Generation) configuration, resulting in superior conversion efficiency from Infrared to Green wavelengths. The result is the highest average output power available on the market which translates to optimum performance. 

This laser serves as a powerful pump source for the Quantronix Proteus, our tunable narrow line-width Ti:Sapphire/UV laser, which provides tunable visible and UV output.
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Nd:YLF Power supply: 
YLF and Ti:S pulse specification:   
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Schematic of 1 laser system: 
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Picture of 1 Quantronix laser: 
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Each laser is enclosed to a softwall clean room in order to have: 

. cleanroom class <10,000 (measured < 1000)

. temperature stabilized to ± 0.5 °C

. Humidity <60%


b)  Photonics laser DP2-447

Diode Pulse Pumped Laser, 447 nm
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c) Green laser 

Wavelength
527nm

Max.  Average Pulse Energy at 1 kHz
> 250 (J

Max. Peak  Power at 1 kHz ……………………………………………………………………
…………………………………........> 50kW

Mode of Operation
Q-switched, ext./int. triggering/through RS-232

Range of Pulse Repetition Rate:

Ext. Triggering 1 
 single pulse - 4 kHz

Int. Triggering:  through RS-232 2
0.01- 4 kHz

without PC 3
1 ± 0.01 kHz

Pulse Duration (Average Pulse Energy > 200(J, FWHM)
 < 5 ns

Pulse-to-Pulse Stability – StdDev/Mean (1 kHz, Average Pulse Energy> 200(J)…………………………………………………
< 3 % 

Long-term stability (Av. Power (RMS)/Av. Power ( at 1 kHz, Average Power > 0,2W, within 8 hours)…………
…………….. …< 2 %

Beam Profile……………………………………………………………………………………………………………….
……. TEM00

Beam Height………………………………………………………………………………………………………………….
….21.5 ± 0.5 mm

Beam Diameter (1/e2, at output aperture)…………………………………………………
…………………………………….0.6± 0.2 mm 

Beam Divergence (full angle, 1/e2)……………………………………………………………………………………………………
< 3 mrad

Beam Quality, M2 
………………………………………………………………………………………………………………………..
.< 1.2 

Operating Voltage
24 ± 10% V DC

Max. Current Consumption ……………..
< 6 A

Max. Power Consumption …………………………………………………………………………………
…………………………...<140 W

Warm-up Time
< 10 min

Remote Control of Laser Parameters

(ON/OFF, Ext./Int. Triggering, pulse repetition rate, pulse energy) 
via interface RS-232

Data rate via Interface RS-232
4800 bit/s

Laser  Class……………………………………………………………
………………………………………………………………………..IV

Schematic of the full laser monitoring:
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d)  Laser equipment

Picture of the rack equipments based on the corridor:
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3. Access and the DLA (Designated Laser Area)
3.1 Access procedures and the laser area
Room number: 3524 – U0 – 213 
Access to the CMS laser rooms is allowed by the CERN access card within special access through EDH:



   CMS LASER ROOM (CMS-LAS)
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Inside the Laser room, there is 3 individuals room for each laser: 
Laser1 ( U0-405

Laser2 ( U0-406

Laser3 ( U0-407

Light distribution system:
The monitoring light distribution system receives laser pulses from the fiber-optic switch at the source and injects them into individual crystals, front face (for barrel) or to the rear face (for end–caps) via 3–level distribution system: 

1) Primary fibers carry the pulses to the selected calorimeter element (e.g. ½ supermodule) (USC to UXC), 
2) The second level (L2) distributes light inside a super–module to the third level half– in–phi modules,

3) The third level (L3) distributes light to crystals of a given half module (groups of 200 crystals). 

Second and third level are inside detector and thus no more accessible or visible. 
The primary fibers are arranged in 6-fiber trunk cables (9mm diameter including a protective sheath and central core). The trunk cables are enclosed inside protective plastic tube. In total, there are 88 monitoring units in CMS-ECAL.  
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The polished extremities are glued in ST type connectors. Individual ECAL Barrel primary fibers are 95 m long and are installed without cutting/splicing. However, the 130 m long ECAL End Cap primary fibers are installed in two steps; a 105 m length from the source to the detector is spliced after installation to a 25 m length pre-installed on the end cap magnet yoke. 
The typical attenuation loss in the primary fibers is 9 dB.
Attenuation from laser to ECAL calorimeter: 

· Inside laser room: ~10 dB @ 440nm, 9dB@796nm

· Trunk cables Fibres: 9 dB 
Monitoring light distribution system optical fiber types.

	Distribution System Application
	Multi-mode step-index fiber type
	Core/cladding/sheath(s)

 Ø (μm)
	SpecTran Identification

	Primary distribution
	silica-silica-polymer-Tefzel
	365/400/430/700
	HCG-M0 365T

High OH-


3.2 DLA checklist

	
	The DLA presents a robust physical boundary that isolates laser radiation from personnel outside the area.
	Y

	
	The DLA boundary (including windows) is opaque at the laser wavelengths and without gaps.
	Y

	
	Points of entry from hazard-free to laser hazard areas within the DLA (e.g. a door or opening from a room for changing or data collection) carry current laser hazard information.
	Y

	
	All hazards are clearly identified at all access points to the DLA.
	Y

	
	Where different laser wavelengths are accessible in the DLA at different times accurate status information is displayed at all access points.
	?

	
	The laser hazard cannot extend beyond the DLA if a door into the DLA is opened.
	Y

	
	The laser hazard is automatically terminated if an unauthorised person enters the DLA.
	?

	
	Unauthorised persons are prevented from gaining access to the laser area
	Y

	
	The laser hazards from separate laser experiments within the DLA are isolated and information of the current laser hazard within a sub-divided area is clearly displayed at points of access.
	Y

	
	Independent non-laser activities are prohibited within the DLA.
	Y

	
	Prior warning is provided if laser hazards are introduced from outside the DLA.
	?

	
	Laser beams entering the DLA from other (adjacent) areas are under sole and overriding control from within the DLA.
	NA

	
	Temporary restrictions are imposed for servicing and other non-routine activities within the DLA
	NA

	
	Precautions are in place to safeguard visitors entering the laser area.
	Y

	
	
	


3.3 Comments and recommendations on Access and DLA
Comment 1
4. Laser installation: Collective protections

4.1 Laser installation and local shielding
The laser beam path is completely enclosed during normal operation thus the laser is considered to be a CLASS 1. 






Safety interlocks: 
Each YLF laser has a main shutter: operate on laser interface directly and through a serial link connector for safety control to deal with 2 inputs:  a door interlock  and a flash lamp. 

Safety interlocks are mandatory and they are all managed through a safety box interface: 

·  1 Outer door :    door interlock + flash lamp

·  3 Inner doors :   door interlocks + flashing lamp boxes: Flash red LED+ yellow LED
Outer door picture: 




Inner door picture: 






Laser safety box control: 





There are 2 modes of laser operation selected by the bypass button on the front panel for each laser. This is to prevent exposure when someone is opening the inner door. 
· For the 2 modes,  the inner and outer door of laser barrack can’t be opened at the same time else the YLF shutter is going to be closed and there is no light (even more no lasing)
1) Normal operation : 
inner doors should be closed and you can enter in the barrack: YLF shutter won’t be closed
2) Maintenance operation:
inner doors can stay opened to work on the laser: the outer door controls the shutters. If someone from outside enter to the barrack the shutter is going to be closed. It will open again as soon as the door is closed. 
Safety box schematic interface is shown on the next page:

· level 2 TTL input is always high level (bypass, not in used at CMS);
· Emergency stop is not in used; 

· Flash lamps for the 3 inner rooms are connected to this box;
· The 4 room interlocks are connected to the box; 

· 3 Lasers safety connectors with 2 hardwired lines: one for the power supply, one for the lamp. 
The outer door flash lamp is power ON/OFF by hand; it’s not switch ON automatically when laser are ON.

The inner door flash lamps are also power ON/OFF by hand but they are hardwired to the safety box: 

· If “power on”  orange lamp is OFF: can’t switch ON power of the laser unit: all power is OFF.

· If “power on”   is ON but “laser on”  red lamp is OFF: can’t turn on the lamp of the laser. 

Safety box schematic:




Safety box picture:




4.2 Laser installation checklist

	
	Are there normally Class 3B and Class 4 open beam paths in the laser area?
	N

	
	All beam paths are enclosed as much as is reasonably practicable.
	Y

	
	All beam path components that generate errant beams are locally enclosed.
	Y

	
	All beam paths are properly terminated.
	Y

	
	All unprotected open horizontal laser beams lie above or below normal eye level
	Y

	
	All lasers and optical components on the beam line are securely mounted
	Y

	
	Shiny surfaces (including jewellery) are forbidden around laser beam paths
	Y

	
	Laser beam paths cross walkways
	

	
	All upwardly directed beams are shielded to prevent human exposure
	Y

	
	Laser sources and beam paths are kept under the control of competent persons
	Y

	
	A safe method of beam alignment is provided
	…

	
	Low level lighting is provided for 'lights-out' operations
	Y

	
	Are there exposed beams of multiple wavelengths
	Y

	
	Do all the laser sources have the appropriate classification and warning label(s)?
	…

	
	
	


4.3 Comments and recommendations on the laser installation

Comment 1. 
Comment 2.
Comment 3.
5. Laser installation: Personal protection

5.1 Eyewear and other safety equipment

Eyewear available: 
. He-Ne:  




Laser vision 620-644, R1 WDIN S (x1)


. Laser YLF + blue/green:
 
Laser vision 
 (x1)

. Laser YLF + blue/green + RED/IR:  
Trinity technologies (   (x2) 







OD8+ @ 190-540nm






OD2+ @ 630-650nm

OD3+ @ 650-690nm 
OD6+ @ 690-710nm

OD8+ @ 710-1200nm

OD5+ @ 10,600nm

5.2 Personal Protection Equipment checklist 
	

	
	Laser safety eyewear is provided
	Y

	
	Those at risk of exposure have received an eye check
	Y

	
	Laser safety eyewear provides sufficient protection for each accessible hazardous laser wavelength (including wavelengths that could be generated by non-linear effects)
	Y

	
	Laser eyewear is properly stored and maintained in good condition.
	Y

	
	The eyewear clearly identifies the laser/area within the DLA it is suitable for.
	Y

	
	Lighting levels are appropriate for the visual transmission of the eyewear.
	Y

	
	The colours of warning signs and lights are effective when viewed through the eyewear.
	Y

	
	Persons at risk of exposure to the laser radiation have received adequate laser safety training and instruction.
	Y

	
	
	


5.3 PPE recommendations

Comment 1.
Comment 2.
Comment 3.

6. Laboratory safety

6.1 General safety in the laboratory
Some comments..
6.2 Laboratory safety checklist
	
	Are dazzle-susceptible activities (e.g. vehicle driving, working at heights) permitted within in the laser area?
	N

	
	Are there non-beam hazards associated with laser use (including during servicing and maintenance)?
	N

	
	Fire hazard (with Class 4 laser beams) /detection/extinguisher
	Y

	
	Laser generated fume hazard/ventilation
	N

	
	Electrical hazards/emergency stop
	Y

	
	Explosion hazard
	N

	
	Secondary and collateral radiation
	N

	
	High-pressure gas hazard
	N

	
	Trip hazards and sharp corners at head height.
	N

	
	Chemical hazards
	

	
	Other hazards:
	

	
	Hazards from outside the DLA:
	

	
	Radiation
	

	
	
	

	
	……add as needed
	


6.3 Laboratory safety recommendations

Comment 1.
7. Training and Operational issues

Laser expert  (  Supervisors and laser users responsible for laser activities, for classification of lasers, specification of safety equipment and/or preparing safety documentation. 


Health and Safety at work, LASER EXPERTS course, 16 hrs. 

Laser users  ( Those who use, work with or who are placed in control of laser equipment. This course is required for those who work with Class 3B or Class 4 laser products. This course is recommended for those who work with Class 3R laser products, or lasers of divergent-beam or collimated-beam of Class 1M or 2M.

Health and Safety at work, LASER USERS  course, 4 hrs.
8. Annex: procedures, notes etc.
8.1 Operating Procedure: Starting up and shutting down.
Turn on the Laser System:

1. Turn on the Chilled Water 
– Open the in/out valve;
2. Turn on the Electrical Power:

– Quantronix 224 power supply unit;

– Neslab cooler;

– Home made laser safety box, and check the status of the door interlock and flashing warning lamp;

– Computer and monitor;
– the rack equipement are always on (safety box, switch, ect..)
3. Turn on the Lasers:

– Turn the key on the remote control box from off to controls;

– Wait a few seconds then turn the key to cooler;

– Wait until the water temperature in Quantronix 224 reaches 28 to 29_ C then turn the key to laser;

– Open the YLF laser shutter, green light (527 nm) will appear;

– Gradually increase the pump laser current to the required value, e.g. 25 A, when passing threshold blue (440 nm) light will appear;

– Turn on the Ti:Sapphire laser shutter by pushing the software button on the program display;





8.2 Operating Procedure: Maintenance

8.2.1 Check laser power: 
The power meter is a Gentec UP 25 serie associate with a virtual power meter USB interface to be used with PC only. 
Here is the step to check power and do calibration for the YLF laser:
1. Closed the YLF shutter

2. Decreased laser power to 7A, minimum

3. Put the detector head in front of the beam

4. Open the shutter and increase the power step by step  if there is no green light at all (threshold around 7-8A)
5. Center the detector head in the front of the beam
6. Wear your goggle
7. Increase power; tune laser coupling if necessary; measure the power. 

8. Closed the shutter, decrease the power; take off your goggle.

Measure the Ti:Sapphire laser pulse energy with power meter: 
1. Closed the YLF shutter

2. Decreased laser power to 7A, minimum

3. Put the detector head in front of the main TiS output, behind the TiS shutter
4. Open the YLF shutter and the TiS shutter,  increase the power step by step to get blue (or red) light threshold on the TiS output. 
5. Closed the shutter, wear your google. 
6. Increase power and measure the power . 

7. Closed the shutter, decrease the power; take off your goggle.






8.3 Operating Procedure: Services.
8.3.1  YLF tuning: 
For the small tuning, goggle is used when current is ~10A which mean  YLF power ~150 mW. 
The green threshold is around 7-8 A. 

When the green cavity is dismounted, ie. when YLF need services, the power of the infrared is higher and operation has to be follow in order with safety precaution.  The maximum IR (1037nm) power on the output of the is around 55W, CW @25A ! A special head detector power meter is used. A pin diode connected to a scope is used to see the pulse shape. 
The YLF tuning from scratch, when replacing crystal for example, is the long process which is explained on the laser manual. 
8.3.2 TiS tuning

Tuning of the TiS laser need power meter, pindiode, and sometimes an infrared viewer. The new IR viewer we have now is a CCD camera to see the image on a PC screen directly. The previous IR viewer (like a gun) is not working on the magnetic field and couldn’t be used with eyewear protection.
The IR threshold appears around 15A, when green light is around 500-700 mW.
8.3.3 Fibre coupling – attenuation: 
Once the power of the laser is OK it’s needed to check if the main fibre connector is well centered to the beam; it can avoid miss-alignement of the main fibre and also damage the connector. 

A 1m fibre is used instead the main one and the adjustment is done looking the power and/or looking the beam shape on the output at low power. 
A full chain measurement of laser attenuation can also be done using a 20m fibre from laser to optical switches or attenuation box. If attenuation is too big somewhere, cleaning – polishing or optic inspection is done. 

Main risk during operating procedure : 

1. Electrical :

. When removing the lamp (normal maintenance operation), the 3 main power supply switches SHOULD be OFF !! else the main power supply connector of the lamp will create short-circuit while touching something.

. When opening TiS laser cover: HV power is delivered to the Q-switch, ~4 to 5 KV: do not touch the 2 HV connection before switch off and disconnect the HV BNC cable from the power supply unit. 
2.   Eye  :

Eyewear protection as soon as laser power is significant, ie. not needed to see the beam . 
8.4 Laser Roles

“Installation Supervisor”: The person who advises and controls the work of the Laser Users, ensuring that the CERN rules are respected. Installation supervisors are appointed by the Group Leader responsible for an installation and are accountable to this Group Leader. They are also mandated by the LSO to undertake responsibility for laser radiation safety in the area as set out in their written appointment by the LSO. They must have laser safety training.
Their duties are:

· to keep themselves informed of the relevant Safety regulations and operating instructions for their installation; and to nominate Users for those installations, giving each one written Personal Operating Limits depending on their experience, training  and ability.

· keep the list of authorised users updated, and displayed at the point of entry to the laser area.

· satisfy themselves that radiation safety equipment, protective eyewear and protective filters in viewing aids in particular, is maintained in good condition/working order and is functioning as intended; 

· for any laser-related work undertaken by Users, ensure that the methods, procedures and aims are understood and agreed between the user and the installation supervisor before the work commences. 
· ensure that Standing Orders are prepared and kept up to date for all activities under their control where Class 3B or Class 4 lasers are used; and that the SOs are made readily available to users and that they include notice of any restrictions in the use of the Laser Product and any operations that do not conform to the manufacturer's requirements or guidance, or are otherwise non-standard. 

· ensure that a risk assessment and laser safety check list is prepared and reviewed at least annually for all laser areas under their control, and must be kept up to date. 

· ensure that the CERN rules on laser safety (IS22) are complied with as directed by the LSO; that work and interventions on the installation are carried out in accordance with good work practices and without taking unnecessary risks;

· to oversee the conditions of Safety and good order of their installation and to ensure that the relevant Safety regulations and Operational Instructions are followed, in collaboration with the LSO and those in charge of the Safety of the Territory, in particular the TSO, on which the installation is located;

· to liaise with the Safety Commission  and the LSO, particularly in connection with inspections of the installation and to ensure that requirements or recommendations arising from inspections are put into effect;

· to keep the Group Leader and LSO concerned informed on the state of Safety and of problems concerning the installation

The means available to Installation supervisors for their task include:

i) access to relevant information on all activities in or affecting the area where the installation is located;

ii) the delegated authority from the Group Leader concerned to perform the above duties.

 “Laser User(s)”: 

Authorised Users are named by the installation supervisor, each one is given Personal Operating Limits by him, taking account of experience and training. The limits may include authorization to work unaccompanied, to remove covers and perform alignment or repair works on all or part of the system, when some safety equipment may be removed or disabled.  

A laser User must:

· be conversant with the CERN rules on laser safety and only work within the limits set for him or her by the installation supervisor

· receive training recommended by the installation supervisor, before commencing work with lasers; 

· obey the Standing Orders, Operating Procedures and  Personal Operating Limits set by the installation supervisor. In particular, the user must not make any significant changes to laser beam paths, beam wavelengths or safety devices, nor introduce new lasers to the laboratory (regardless of Class), without the authorisation of the installation supervisor.

· In case of any doubt concerning a procedure, manipulation or other task concerning a laser, the user is not authorised to proceed until full clarification has been given by the Installation supervisor.
9. Operational follow-up

9.1 Incidents and observations

9.1.1 Item 1( date)

9.1.1.1 Description/incident report

9.1.1.2 Risk analysis

9.1.1.3 Compensatory measures introduced procedure changes, etc.

9.1.1.4 Documentation updated and distributed
http://laser-caltech.web.cern.ch/laser-caltech/
9.2 Follow-up safety visits (including non-laser inspections, EN-SIS etc.)

9.2.1 Observations

. A new laser system is under discussion . The new laser will be a diode pump laser instead of crystal. The first laser dated of 1999 and some spart parts are already obsolete. 

. Implementation for non-direct beam eye view is under consideration by using a CCD camera and a flat screen. Like this even during alignment eye protection could be used even as low power. This is not a request but just an idea to improve safety for me or for future laser expert. 
EDMS DOC  - LINKS  - history of the laser at CERN (inspection by TIS, ect..)
29 Sept. 2001
ISI Ti:S laser.  First laser installation at CERN. 




12 Feb. 2003

ISI Pump laser Nd :YLF
R. Magnier
8 Feb. 2006
 
« Safety requirements for the CMS laser barrack » 





T. Sobrier

4 Dec. 2006
 
Memorandum
« Audit de l’installation laser bat. 887 »





R. Magnier & E. Freret.

10 August 2007
Memorandum


« Inspection de la barraque laser CMS avant mise en service »
R. Magnier
Laser power  + diodes





Laser cooling





DP2-447





Shutter + attenuator





Green laser





Monitoring box





Safety box





3 DSO (1 for  spare laser)





Attenuation box





1x100switch





Signal & trigger interface





Shot controller





DG535





EMTC, Matacq





1x5 switch





Rack PC





Laser1 440nm





Laser2 440nm





Laser3 796nm





Card reader





FT/FT connectors








Input ECAL :


0.1 mW @ 440nm


1.5 mW @ 796nm





Laser1 440nm





Laser2 440nm





Laser3 796nm





Enclosed calorimeter 








UXC, 3525





Primary distribution  fibers: 


95m  – 130m (EB-EE)








Output room :


1 mW @ 440nm


15 mW @ 796nm





USC, 3524





Output Laser : 


100 mW@ 440nm


150 mW@ 796nm





Ti S box





Power224





YLF pump laser





TiS laser





Water tank





Water supply





Fan filter for cleanroom





Optical fibre





Black metallic cover between YLF and TiS laser path 





Black metallic cover for the main output coupling 





Flash lamp





Interlock on the door inside





Warning labels





Flash lamp with interlock





Laser warning





Door interlock





Back side: connection for each flash lamp and laser interface





bypass button for each room





- Emergency


- Level2 TTL


- Ceiling interlock





Laser safety connector on laser power supply





3 lasers


 Door interlock + lamp 





safety control to the 3 laser power supply





Outer door interlock





Laser Control box picture





Control key :


OFF


Cooler


Laser





YLF shutter





Yellow = Lamp ON





monitoring Output





Input , 527 nm





Main Output





HV power





TiS Beam path











