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        Introduction:   

Raja Ramanna Centre for Advanced Technology (RRCAT) India and Fermi National Accelerator 

Laboratory (FNAL), USA are members of the institutes working on “Collaboration on R & D for 

Various Accelerator Physics and High Energy Physics Projects” under the MoU dt January 9, 2006. As 

per Addendum-I- “ Fermi lab RRCAT, BARC, IUAC and VECC Collaboration on ILC Main Linac SRF 

Accelerator Technology R & D” dated  October 2, 2007 to the MoU , RRCAT has taken up development 

of prototype 1.3 GHz Single cell cavity. Two nos 1.3 GHz prototype single cell cavities have been 

manufactured in collaboration with IUAC) during 2010. These cavities were  processed jointly by FNAL 

and Argone National Lab (ANL) and tested at 2 K at VTS facility of FNAL.These cavities have achieved 

Eacc of 21 ~ 23 MV/m at Q > 1.5 E+10. 

In order to further improve the performance the development of two more single cell cavities has been 

taken up. Certain modification in process for manufacturing of two improved single cell cavity has been 

done based on the feedback from the inspection & testing of first two prototypes. First improved single 

cell cavity dispatched to FNAL in June 2011 for further processing & testing at 2K.Second improved 

single cell 1.3 GHz cavity (TE1CAT004) has been fabricated in June 2011. This is now being dispatched 

to Fermi lab for further processing and testing at 2K for cavity performance evaluation. 

Present dispatch document comprises of: 

         

1) 1.3 GHz Single cell cavity  details 

2) Traceability & identification numbering 

3) Manufacturing process & modification  

4) Various qualification tests performed prior to shipment 

5) Drawings 

6) Reference  

 (1) 1.3 GHz Single cell cavity details: 

 

The 1.3 GHz single cell cavity is made based on standard TESLA shape design () provided by FNAL 

under IIFC collaboration reference to FNAL drawings number: “5520.000-MD-457528-DESY-1.3 GHz 

TESLA SINGLE CELL RF CAVITY ASSEMBLY, These cavities have been manufactured as per 

drawings number RRCAT/AAMDD/1.3GHz/SCC/06 – “Cavity Assembly” and inspected as per QA 

drawing number – “RRCAT/AAMDD/1.3GHz/SCC/QC/06.  

These are made with reference to FNAL drawings number: “5520.000-MD-457528-DESY-1.3 GHz 

TESLA SINGLE CELL RF CAVITY ASSEMBLY.  

{Attachment rings have been eliminated from the basic TESLA design based on input from FNAL}.  
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(2) Traceability & Identification Numbering: 

 

The material used in fabrication of 1.3 GHz Single cell cavity is high RRR niobium sheets 2.8 mm for 

half cell forming, 3 mm thick welded beam tube and the End Flanges were made from Nb-Ti55% bar 

stock. All material for manufacturing of cavity is provided by Fermi Lab. 

 

Fig-1 shows the Cavity ID marked at one of the End Flange.  

Fig-2 & Fig-3 shows the Half cell ID marked on the Half cell.  

LC-FNAL-B3-111-1: LC indicates the shape of the end cell ( Long End Cell)- FNAL indicate the source 

of the material-B3-111-1 indicates the FNAL batch # B3, sheet # 111 & 1 indicates that side 1 is the non 

RF ( outer surface). 

                                      

 

 

 

 

 

 

 

 

Fig 1: 1.3 GHz Single Cell Cavity ID         Fig-2 Half Cell ID,                Fig-3 Half cell ID 

 

Table-1 shows the summary of the half cell traceability identification number  

 
 

 

 

 

 

 

 

Fig-4 & Fig-5 shows the eddy current scan of the sheet 111 & 167 respectively.   

 

 
 

 

 Half-cell 1 Half-cell 2 

Sheet number FNAL-B3-111 FNAL-B3- 167 

Outside sheet side (non RF 

Side) 

1 1 

Inside sheet side (RF Side) 2 2 



  4

(B)  End Tube: 

 

 

                    Fig-7 End tube ID 

 

 

 

 

 

 

 

C) Flange:  
 

 

End Flange 1 End Flange 2 

EF-05 

(From the round 

NbTi rod having 

Fermi ID number 

13069)  

EF-06 

((From the round NbTi rod 

having Fermi ID number 

13069)  

          Fig-8 End tube ID 

 

 

 

(3) Manufacturing process & modification: 

  

Forming of half cells was performed on the forming tooling developed at RRCAT. Design & 

development of various machining & welding fixture and machining of all the components was done at 

RRCAT. Electron beam welding was performed under the (RRCAT_IUAC) collaboration at the facility 

of IUAC, New Delhi. Various mechanical inspections, frequency measurement and leak testing are done 

at RRCAT.  

 

Based on the feedback from the inspection & testing from FNAL on the first two prototype cavities, we 

have incorporated following modification in fabrication of TE1CAT004 cavity. 

 

(A) 20 µm Bulk BCP at RRCAT in addition to 3 µm pre-weld etch at IUAC, Delhi. 

      (B) Beam Oscillation in welding and weld parameter optimization for critical equator weld. 

     (C) Careful handling of Niobium components during manufacturing process. 

End tube 1 End tube 2 

ETW 5 (Welded  from roll 

sheet ) 

ETW 6  (Welded from roll sheet) 
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 (4) Various pre-dispatch qualification tests performed prior to shipment: 

  The completed 1.3 GHz SCRF cavity was subjected to (a) Visual inspection (b) Mechanical inspection, 

(c) RF measurement at 300 K & 77 K and (d) Vacuum leak qualification also at 300 K & 77 K. 

4.1 Visual & Internal bead inspection  

The cavity surface was visually checked for surface defects in particular the sealing surface on end 

flanges and was found to be acceptable.  Fig-9 shows one of the end tube showing sealing surfaces. 

 Fig -10 shows mechanical inspection of cavity. 

 

 

 

 

 

 

 

 

 

 

 

 

           Fig-9: Sealing Surface of Flange                             Fig-10 Mechanical Inspection                  

 

 
 

 

Visual Check Visual Requirement  

 

Acceptance 

Yes/No 

Remarks 

1 

 

 

 

 

All equator welding seams must be full 

penetration with no gaps or discontinuities.  

Under-bead smooth and protrusion relative 

to surrounding material not to exceed 

0.1mm. 

Yes Upper bead is good, 

under weld bead is 

good & uniform from 

0
o
 to 360

o 
. 

 

2 

 

RF surface (inner surfaces) free of scratch 

marks  

Yes  

3 Sealing surfaces of the End Flange free of 

damage: 

Yes  
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4.2  Mechanical Measurements:     

           
Assembly ID No.  TE1CAT004 (Half cell ID No. 111 + 167) 

Dimension ID Component 
Basic 

Size 
Tolerance 

Measured 

Value 

Acceptance 

Yes/No 
Remarks 

SCC1 Length 392 

±1 390.08 Yes Under 

deviation 

for 

prototype 

SCC2 Parallelism 

0.1 0.89 Yes Under 

deviation 

for 

prototype 

SCC3 Perpendicularity 
0.1 Not 

Measured 

 CMM 

limitation 

SCC4 Concentricity 0.1 0.18 Yes  

 

 

 

 

 

 

 

 

 

4.3  RF Measurements: Table shown the results of Frequency and Q measurements of the final cavity. 

 

 

Cavity ID  
Length 

(mm) 

Frequency 

(MHz) 

300K 

Quality 

factor  

300 K 

Frequency 

(MHz) 

77K ( 

Vacuum)  

Quality 

factor  

77 K 

TE1CAT0

04 
390.08 

1299.710 

MHz 
9237 

1301.8525 

MHz  

Not 

measure

d 

 

                                           

        Table-: Frequency Measurement & Q-value. 
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.4: Leak Testing: 

 

The leak testing was performed using HLT 550 Pfeiffer make MSLD set up using Helium as tracer gas. 

 

 

Test temp Allowable leak 

rate 

Leak Rate 

obtained 

Acceptance 

Yes/No 

Remarks 

300 K      ≤10
-09 

mbar l/s ≤10
-12 

mbar l/s Yes  

77 K ≤10
-09 

mbar l/s ≤10
-12 

mbar l/s Yes  

2 K  ≤10
-09 

mbar l/s Not measured ----  
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(5) Drawings: 
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