


  

              
              

         
           
              
            

           
             

              
               

              
           

          
           

         
           

             
           

           
            
              

              
              

       
   

 
       
       
  
            
    
        
       
      
    
    
              
       
   
    
    



    
   
      
    
   
    
     
    
      
   
   
   
   
   
   
       
   
   
  





 

            
             
               
            
          
               
                
             
           
            
           

               
             
           
              
               
               
            
            
             
               
          
              
             

            
            
                    
                
              
              
            
                  
           
   

            
             
              
                 
               
            





               
             
 

          
          

           
               
              
            
               
 

            
             
             
             
             
             


           
              
               
             
             
            

             
          







  

  
                                   
                            
                           
                              

    
                        
                           
                           

                           
                        
                           
                       

                       
                                   
                               
                   

                         
                      
                              
                          
                                

     
                                       
                                    

         
                                     

                       
                           
               
                     
                                
          
                

                                      
                              
                         

                                      
                                  

                                  





                                      
                                     

                           
                                
                              

                              
                            

                       
                                
                              
                                    
                      

                         
                             
                           

                             

   
                           
                                  

                                     
                                 
                           
                     
                                     
                             

                                 
                                
                              
                               

                                  
                                
                            
                              
                               

                                  
                                
                              
                               
                         

    
                                       
                                    

                                     





                                  
                                  
                                 
                                    
                             
                       
                        
                              
                               

                                 
                                   
                               
                                   
                                
                           
                                  
                                  
                           
                                

                                         
                                   
                          
                               
                                    
                   
                                    
                                

                                     
                                  
                                   
                                
                               
                                 
                              
                                    
                                  

                                  
                              
                               
                            
                                   
                          

                                   
                             
                         





                          
                               
                              
                       
                         
                     

                              
                               
                                

                         
                           
                               
                              
                          
                          

    
                                     

                               
                               
                    

                                    
                            

                               
               

                             
                       

                       
                               
                               
                                 
                               

                                      

    
                                  

                              
                           
                       
                         
                           
                 

                     
                               





                           
                              
                                
                             
                               

                                
                               
                         
                                    
                           
                                
                             

                               
                                    

                                
                     
                        

    





  

 

   

             
              
           
           
            
            
             
            
            
                
            
           
           

              
   

               
             
              
                  
            
            
           
            

                
              
               
   

          
            
              
            
               
              
          
             
           
   

           
    



  

             
          
              
           
           
               
            
             
         

    

             
             
      

           
             
              
               
            
              
            

   
              

            
            
              
               
            
             
            
   

           
              
             
              
          
                
                
                
             
      

             
            



  

          
              
         

             
              
             
            

     

          
           
            
             
           
             
          
            
           
          
 

            
            
             
            
            
             
            

            
          

              
             
               
              
           
          
             

              
                
              
               
                 
             
               
   



  

       










  



  

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        

      
         
        
        
          

             
              
             
            
            
             
         
            
           

            
           
              
            
              
           
             
            
               



  

      

    

            
              
            
            
                
              
             
             
              
  



    

   

       

            
                
         
                  
            
            
                
             
           

             
            
            
             
              
              
             
            
              
        

            
          

  
                 
             
        

              
              
               
               
           
            
           
              
           
             

            
              
                 
              
           
   

           



    

              
              
             
                
               
             
               
              
          
                
        

           
            
            
            
           
               
          
     

               
           


      

                  
              
            

           
              
              
              
           
          
           
              
                
             
      

              
              
             
            
              
           
             
            



    


          

      

           
            
             
             
          
            

    

  

  
    
      
         
   
     
      

    
     
   
     
   
    
    

             
               
           
                
              
            
               
              
             

  
               

           
            



    

              
             
         

            
            
               
             
              
          

           
               
            
              
            
              
                 
                   
                 
             
               
                 
               


              

            
              
         
      

           
           

           
                
       

             
             
             
               
               
            

            
              



    

    

  

    
     
   
     
   
      
      

   
  
   
     
    
     

      

    
     
   
      
   

     
  

    
     
   
      
   

     
  

  

    
     
    
       
    

     
   

          



    

             
             
              
           
               
            

           
            
             

               
               

              
                
               
            
              
            
           
             
        

               

           
             
              
                

           

               

               
              
              
              
             
              
               
              
      

               



    

      

           
                 
           
             

       
     

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

             
  

      
      

      
      

      
      

      

    

            
             
                 



    

            
            
            
             


      

                 
               
              
                  
               
            
       

          

                 

            
             
             
             
        

             
             
          

   
 


 

      

                 
            
             
    

   
       

    

        
               
            
               
                  
             

    
                

             



    

                
              

             
               



    

 
    
                      
             

                
             
          
           
             
            

       
           
          
             
            

             
             
             
           
              
  
              
              
           
               
             



    

            
                   
        

 

 

 

 

 
   

           
              
           
             
            
      

      

            
            
              
             
               
                
              

             
    

     

              
  




 


              
    

            
              
                 
                
               
 



    

              

    

  
  

 
 

  

 

   

                 
                
            


      

        
            
       

             
             

                 
                  
          

     
  

                  
                   
             
                   
                
                 

   
       

           
           

  

               
             



    

                
          

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

   
   
   



    

              
            
                
          

               

   

                 
             

               
    

           
               
                
              
               

               
                
             
          
               
    

           
            
                
               
          
             
             
             
               
             

           
           

            
           

           
            
            
               
           
            



    

         
          

   

            


            
         
       

  

              
             
            
                
               
           
        

              

            
               
             
             



    

            
             
               
             
            
             
          
               
            
            
            
     

             
          
               
            
               
            
            
 

         

  

               
           
                 
           
             

          
             
                  
            
            
             
              
                 
           

           



               
                  
                
               
               



    

           
             
              
               

      
   

            

              
              
           
     

    

             
           
                
             
             
             
      

               
                

              
             

               
            
           
             
          

             
           
            

              
             
               
                
                 
            
               



    

             
               
          

        

             
            
              
              
               
           
            
          
           
              
          
      

            
                 
         
           
            
                
          
             
         

    

     

           
              
                 
                
               
           
              
             
     

            
          
               
           
               



    

              
            
             
  

              
               
            

            
           
                
            

           

          
               
           
            
           
              
              
      

  

             



    

              
              
  

 


 

    
    
       

   

   
      

      

         
         

          
             
          
      

           
             
             
               
         

          
             
              
           
             
             
              
           
                  
        

            
              
               
            



    

                
               
            
             
               
              
                 
              

               
                 
               
              
            
            
             
           
             
  

          
            
          
             
             
             

             
         

             
         
           
          
      

    

               
            
            
     

         
              

                     
   



    

          
             
          
              
               
            

    

 

   
  
  
  
  

  

 
   

  

               

    




 

                 
      

           
               
              
               
                   
             

           
           
           
         
             
             
             
              
  
                
             
                
                



    

         
             
            
            
              
          







 

 
 
 
 
 

              
        

          
         

       
             
             
          


           
            
             
                 
             
          
        

          
            
             
            
            
            

 
  

           
           
              
         

               
           
              
              



    

            
            

              
              
                
              
              
              
            
               
              
            
     

               
              

          
                   
                 
                   
               
                
           

            
           
               
                
         

  

             
              
            
                
                
               
              
             
             

         
           
          
 

         



    

              
           
            
    

   

     
              
           

              
            
        

           
            
            

           
   

        
  
        

     
  

   
   

              
           
            
              
            
             


            
             
              
              
             
                
         

             
            
             
           
            




    

          
               
              
               
           
             
              
             
              
               

 
  
 



    

              
               

     
         

            
            
                 
              
   

0.956 0.96 0.964 0.968
-0.02

-0.01

0.00

0.01

0.02

0.03

nS

Planck BAO nBAO gal LyaF
Planck BAO nBAO LyaF
Planck BAO nBAO gal
Planck BAO+

+ + +
+ + +
+ + + +

            
           
         



    

-4 -3 -2 -1 0 1 2
V - 1

-0.3

0

0.3

0.6 10-4 Mpc-1 < k < 10-2 Mpc-1; 1<z<2

-4 -3 -2 -1 0 1 2
V - 1

-0.3

0

0.3

0.6
10-4 Mpc-1 < k < 10-2 Mpc-1 ; z<1

-4 -3 -2 -1 0 1 2
V - 1

-0.3

0

0.3

0.6
k > 10-2 Mpc-1 ; 1<z<2

-4 -3 -2 -1 0 1 2
V - 1

-0.3

0

0.3

0.6
k > 10-2 Mpc-1 ; z<1

                 
            
          
            
             
          



     

    

 

            
             
            
            
               
           

                
               
              
         
             
             
            
              
              
            
    

           
           
           
              
             
           
              
          
            
            
            

                 
             
           
            
             
             
            
             
 

             
              
                
              
            



     

              
         

  

            
               
          
              
           
              
                 
                
                
             
         
              
               
           
             
                

          

              
              

               
              
             

              
            
              
             
             

            
               
              
              
              
            
             




     

            
                

            
             
             
             
               
            
               
 

            
                 
              
             
           
          
              
       

     

               
             
              
             
              
          
             
           
            
                 
              
           
             
               
       

    

             
              
              
   



     

           
               
            
         

          
            

           
           
            
          
               

        

             
             
              
              
           
             



     

              
               
             
              
            
    

             
           

    

             
               
                
             
             
           
   

             
           
             
           
              
              
              
           



     

           
           
   

  

              
            
             
              
             
            
             
            
            
               
            


          
               
               
                
             
            
              
            
             
                   
             
             
     

         

             
           
              
             

           
             
           
             
            



     

             
             
              
               
              


      

                
             
             
           
           

            
              
     

           
             
              

             
             
            

          
            
               


  

            
            
              

   

             
               
           
             
    



     

             
               
               
            
                   
             
            
          
               
           
               
               
           
          
           

              
            

    
 
             
              
              
           
            
                  
              
              
    

           
              

               
               
       

    

              
           
               

              
            
            



     

              
            
            
               
                
               
               

               
          
              
               

             
  

               
            
           
   

              
              
  

              
            
           
             
            



     

            
             
             
                  
                
              
             

            
        

            
             

               
     

  

           
            
          
                    
            
              
             
             
              
             
         

             
              
              
            
                
             
             
        

                
            
           
            
             
            
            
            
             
             



     

             

  

            
                
             
              
           
               
               

          
              

           
      

   

          
               
              

              
             

            
              
             
           
            
                
              
                
                


            

                
               
            

                  
              
             
              
     



     

              
                  
                 

                      
                     
                 
              
                   
              
                
           
               
               
                 
 












   

    

    

 

            
             
            
             
                
       

             
               
            
              
            




     

          
            
             
             
             
            

 

             
           
                 
    

              
      

              
             
             
              
             
             
             
          
             
              
            
               
            
           



     

           
       

             
             
              

              
             
              
           
                
              
              
            

         
             
              
                
           
            
        


  

           
             
               
      

    

                
             
                



              
            
             
              
                
               
            
               



     

             
                
                
                
       

   

              
           
              
               
            
                
               
             
            
           
            
             
           
 

   

              
                
              
             
                

            
          
              
           
             
  

     

           
               
         
              
             
              



     

              
          
            
           
               
    

   

             
               
              
             
              
             
               
               
   

             
           
                
              
            
               
         
          
    

             
            

                
         
               
             
            
            
              
            

                 
              
            
           
               
            
           



     

             
    

     

               
             
            
              
            
               
           

  

               
              
            
             
              

              
               
               
             
             
             
             
            

  

               
               
             
            
                
           
             
            
              
  

            
           
             
                     

        



     

     

  

           
       

  
      

      

             
       

       


  

       
           
          
  

         
          
          
  

      

            
      
  
           
 
             
      
  

      

       
       
      
    
    
 
   
    
       
  

            
             



     

           
            
           
              
              
              
           
               

            
             


           
               
                
           
              
       

            
             
               
              
              
     

               

             

           
              
           
                
      

  

               
           
            
             
              
              
             

              
              



     

            
           
               
               
         

    

            
            
             
            
               
         
            
              
              
                
              
    

          
             
            
          
            
           
           

             
            
             
               

          

      

    

            
           
               
          
          
          



     

            
           
               
                
           
              
                
                
           
          

            
            
         
            
             
               
              
              
              
            
              
            
            
             

  
              

            
         
    

          
             
           
            
         
           
           
          
         
           
              
             
          



     

               
               
            

    


              
            
               
               
           

          
              
            
       

   

              
           
              
              
          
           
            
             
              
            
              
             
            
            



   

  

    

              
             

           
           

            
   

             
            
            
             
             
            
             
               
             
   

            

    
      

        
        
        

            
             
          
               
          
                
             
             
             
          



   

           
              
           

            

    
           

              
            
              
              
               
            
               
           
             
               

              


             
         
               



   

           
            
             
            
            
            
                 
   

              

             
                   
   

          
         

         
           
         
             

         

           

        
          

             
              

             
            
            
            
             
           
             

            
               
            
              
              



   

               
  

  

             
             

             
            
             
            

 

              
           

            
              
             
             
       

              
           
           
             
           
               
             
           
          

 

          
                 
           
               
            
               
              
             
            



   

          
            

   

              
              
            
               
               
                
               
              
             
      

    

              
               
             
             
             
           
          


    



              
              
             
               
                
              

              

        

     
     
     
     



   

           
 

 

            
              

           
                 
                
       

               
              
               
             
           
              
   

   

              
               

  
             
          
            



   

                
              
           
              
   

            
            
              
              
            
              
               
         

 
               
             
             
                
               
               
              
                   
            
             

 
             
           
              
             
              
             
               
                   
                   
                
                
              
            
              
             
         



   

   

  

             
              
             
              
            
             
               
              

              
           
      

            
             

                
     

              
            
                
              

               

   

             
              

             
     

  

             
              
            
             
              
             
        

            
              
              



   

    

    
















     
     

    

           
             
              
              
             
            

               
               
    
             
               
              

           
          
              
            
             
                
             
                
               
                
                
               



   

  

    










  
    
    

   
   

             
    

            
         

               
        
               
                

               

  

              
               
              
             
             
   

             
              
            
                



   

   

    










  
    
    

   
   

              
             

               
                
    

             
              
                
               
              
              

            

          

              
              
      

               
               

                



   

   











   
   

   
 

             
              
             
            
              
              
             
              
             
               
                    

  

               
         

           
             

              
                 
              
              
 



   

           
                      



  

  

  

  

   

   

                   
                   
                   
                   

                
            
              
           
      

   

  

              
           
               
                
      
             
               
              
            
              
         

            
            
              
               
              



   

               
             
              
             


              
          

             
            
            
               
            
                
             
          
               
             

            
   

             

            
              
               



   

              
                 

            

              

            
               
             

           
   

   

               
              
            
             
             
              
           
              
  

             
             
            
  

     
     

             


      

      

     

             
              
               
               
                
                
                
           



   

          
          
                
               
               
              

              
              
          
            
            
               
            
                 
         

               
              
             
             
            
               
             
            



   

             
          
               
               
             

            
             
                

             
           
                
            
              
             
                 
            
          
               
     

             
              
              
               
           
                    
            



   

                
     

              
             
            
              
                
              

                
             
            
            
                 
                
        

  

             

    
             
              
              

           
                 
              
                
          

   
                
               
           
                
               
                    

    

              
            
           
             
                
               
           



   

           
  













  

  

  

   

            

  

          
           
            
             
              
            
              
            
                   

  
              

             
                

                      
                
             
              
             
               
               




   

  

            
             
               
               
                 
      

  

           
             
                
              
             

              

 
             

     
                 
       

              
            
  



   

             
           
            
                  

                
     

                 
               

         
               
                 
              
          

                  
  

               
             

                
              

                 
               
              



   

Limiting R mag.

Limiting R mag.

             
              

 
            

             
              

                

      
             

              



   

                 
               
             

             
           

             
            

  

  

         
           
             
              
               
             
            
              
            
            
           
              
             
               
            
            

        
          
         
           
             
              
                
               
          
            
               


          

             
              
         
                



   


         











   

    


     











   

    


     















   

    


       













   

    

            
             
            
              

              
                
               
             
                 
              
              
                 
             
          

  

             
              
             
            



   

               
                 
             
     

              
             

            
      

          
                 
            
              
                
             
           
            

             
        

            
              
           
               



   

            
            
             
           
          
               
                
      
  

              
              
            

               
              
            
               

             
               
                 
             



   

  





  















   

   
   

               
                   
              
                
             
    

            
             
              
             
             

            
               
           
               

              
               
            

  

             
                
           



   

     

      











                 
             
             
              
                 
               
         

             
            
     

             
           
           
             
          
     

            
            
                
                  
           
              
               
           
              
           



   















 

 

        

 

               
             
  

         
          

            
       

                
       

           
               

             
             
             
              
  

   

            
             
               
             

              



   

            
            
               
     

               
               
            
                 
           
              
               
              


           
              
             

             
               
             
               
               
 

             
              
                 
           



   

   
 











          
                
              

           

           
             


          
            
            
             
                
            
               
            
               
               
             
             
  



   

     










            
              
              



    

   

 

              
            
           
          
    

            
          
            
             
  

            
              
               
          
            
        

           
               
                  



    

   


  
    
   
   
   
     
 

   
  

 
  
     
      




  
  
  


 
 
 


    
   
 

  
 
 
 

   
   
   
   

   
   
   
      



    

               
               

              
            
            
              
               
          

               
             
                  
             
            

              
             
           
             


                
                
               
            

            

  
            





    

PRIMARY
MIRROR (M1)

FOCAL PLANE

TELESCOPE ASSEMBLY:
- Prime Focus
- 3 degree linear FOV
- 3.8m aperture
- f/# = 4.5
- Focal Length = 17.1m
- Wavelength response 340-1060 nm

FTS CONTROL ROOM
- 10x Spectrograph Bench-mounted in FTS control room
- Floor has cooling pipes
- Vibration-isolated
- Thermally controlled to +/-1K
- (Remote control room in Tucson)

CORRECTOR ASSEMBLY:
- 4 lens corrector
- 4 plate ADC
- Hexapod Motor Controlled

PRIMARY MIRROR (M1):
- Existing 4m mirror
- F/number = f/4.5
- Concave, hyperbolic

OBSCURATION (not shown):
- 1.8m obscuration
- Required for stray light

FIBER VIEW CAMERA:
- Measures fiber location
- Views illuminated fiber tips
- Kodak 50Mpix CCD
- Canon f/2.8 Lens
- 71mm Aperture
- 25 demagnification
- Uses existing M2 mounting IF

FOCAL PLANE and FIBERS:
- 1-m Curved Surface
- 5000 Broad Spectrum Fibers
- Provides 3 deg dia on sky

FIBER RUN (5000 Fibers, Sub-bundle units):
- 30-40m fiber run from Focal Plane to Spectrographs
- Low OH fused silica (340-1060nm)
- Core 120 um diameter
- Provides maximum attenuation of 30% @ 340nm
- Fiber testing (Korea)

CORRECTOR ASSEMBLY

DOME

CAMERA

FACILITY MODIFICATIONS:
- Primary mirror edge sensing
- Thermal control to 3 deg w/ glycol
- Cooling pipes
- Paint M1 support structure diffuse black

ADC:
- 2 opposite-rotating Risley prisms
- LLF1 or N-PSK3 material
- 1 degree tolerance on rotation
Hexapod:
- 5 to 10 um step size
- +/-2mm despace
- +/-1mm lateral
- 1 deg tilt

ADC HEXAPOD

KITT PEAK 4-m (Mayall) TELESCOPE
- Parameters: http://www-kpno.kpno.noao.edu/kpno-misc/mayall_params.html

Telescope
Thermal Control:
- Environmental Monitors
- Focal Plane Thermal Control
Calibration Control
- Fiber View Lamps
Mechanism Control:
- Hexapod Motor Control
- ADC Motor Control
- Bench Environment Monitors
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Fiberslitassy
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