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Motivation for SCRF cavity R&D ActivitiesMotivation for SCRF cavity R&D Activities

Major Objective under the Plan ProjectMajor Objective under the Plan Project

Cavity developmentCavity development 

I f t t F iliti l dInfrastructure Facilities planedInfrastructure Facilities planed

C ll b ti A ti iti d MOU b tCollaborative Activities under MOU between 

Indian Institutions & Fermi labIndian Institutions & Fermi lab



Motivation: Link to Major ProgramsMotivation: Link to Major Programs 
(Domestic and International)(Domestic and International)

1 Development of SCRF Science and Technology1. Development of SCRF Science and Technology, 
i l di tti f i f t t f iliti fincluding setting up of infrastructure facilities for g g p
SCRF Cavity for High Energy & High PowerSCRF Cavity for High Energy & High Power 
A l t A li tiAccelerator Applicationspp

2 Indian participation in ILC/XFEL/Proton Driver2. Indian participation in ILC/XFEL/Proton Driver
3 S i i & f SC i3. Superconducting Materials R & D for SCRF cavity3. Superconducting Materials R & D for SCRF cavity 

related researchrelated research. 
4 A li ti f SCRF i d l f i f d4. Application of SCRF in development of an infrared pp p

source High Power Proton Accelerator for Spallationsource, High Power Proton Accelerator for Spallation 
N SNeutron Source etc.



Technology development and setting up ofTechnology development and setting up of 
an infrastructure for the SCRF cavityan infrastructure for the SCRF cavity 
fabrication chemical processing cleaningfabrication, chemical processing, cleaning, 
assembly and testing at requiredassembly and testing at required 
accelerating gradient for acceleratoraccelerating gradient for accelerator 
applications like SNS XFEL ILC etcapplications like SNS, XFEL, ILC etc. 
E t bli h C i I f t t t tEstablish Cryogenic Infrastructure to operateEstablish Cryogenic Infrastructure to operate 
l tlarge systemslarge systems
Experimental research in bulk and thin filmExperimental research in bulk and thin film 
superconducting materials for SCRF cavitiessuperconducting materials for SCRF cavities 
of high gradient and quality factorof high gradient and quality factor. 



De elopment of 1 3 GH TTF Ca itDevelopment of 1.3 GHz TTF Cavityp y
Forming and Machining ToolingForming and Machining Tooling

Manufactured and• Manufactured and
lifi d lqualified one complete

set of forming andg
machining tooling (Midmachining tooling (Mid
half cell Long end halfhalf cell, Long end half
cell Short end half cell)cell, Short end half cell)
f TTF ifor TTF cavity.

Forming tooling Half cell machining
• One complete set of

Forming tooling Half cell machining
One complete set of

forming toolingforming tooling
transported to Fermilabtransported to Fermilab.

• Developed Niobiump
grade RRR 300 half cellsgrade RRR 300 half cells
for 1 3 GHz SC Cavityfor 1.3 GHz SC Cavity.

F d h lf llCMM i ti Formed half cellCMM inspection20 April 200920 April 2009



CleanedCleaned

As receivedAs received
Made in collaboration ofMade in collaboration of –

RRCAT, Indore – Indian Industry , LTE, Coimbtoury
EBW Machine : 06 kW 60 kV; Chamber size 0 5 m x 0 45 m x 0 45 mEBW Machine : 06 kW, 60 kV; Chamber size 0.5 m x 0.45 m x 0.45 m 

M/s Techmeta FranceM/s Techmeta, France 



H lf C ll ith B Pi f 1 3 GHHalf Cell with Beam Pipe of 1.3 GHzHalf Cell with Beam Pipe of 1.3 GHz 
Si l ll C it i Ni biSingle cell Cavity in Niobiumg y

M d i ll b ti RRCAT I d IUAC N D lhiMade in collaboration – RRCAT, Indore – IUAC, New Delhi
EBW Machine : 15kW 60 kV; Chamber size 2 5 m x 1 0 m x 1 0 mEBW Machine : 15kW, 60 kV; Chamber size 2.5 m x 1.0 m x 1.0 m 

M/ T h t FM/s Techmeta, France 



Prototype in CopperObjectives: Prototype in CopperObjectives:
Easy manufacturingEasy manufacturing
EconomyEconomy
C l dd h i f fConcurrently address the issue of reference  
li talignment
(HOM coupler head or extended bracket.) ( p )

ApproachApproach
Machining of entire end group from a singleMachining of entire end group from a single 
cylindrical blockcylindrical block. 
E t i t t i d t ti l dExtensive prototyping and testing planned.

lid li d ill b d f i id b Prototype in Low RRR NbA solid cylinder will be removed from inside by 
EDM i

Prototype in Low RRR Nb

EDM wire cut process.
This solid part will be used to make other p
components like form teil housing. p g

StatusStatus
Prototypes in Copper and Low RRR niobium blockPrototypes in Copper and Low RRR niobium block 
completedcompleted.







Bead Pull Measurement
Frequency Measurement

Bead Pull Measurement 
( h )Frequency Measurement (screen shot) 



N F iliti Pl d t RRCATNew Facilities Planned at RRCATNew Facilities Planned at RRCAT

Setting up of SCRF cavity fabrication (120 Ton Hydraulic Press Facility forSetting up of SCRF cavity fabrication (120 Ton Hydraulic Press, Facility for 
Nb hi i EBW M hi t )Nb machining, EBW Machine etc.), 

Chemical & thermal processing facilities (EP/BCP/CBP HPR & AnnealingChemical & thermal processing facilities (EP/BCP/CBP, HPR & Annealing 
F t )Furnaces etc.),

Assembly & testing set up (Clean-room Test cryostats RF sources etc )Assembly & testing set up. (Clean-room, Test cryostats, RF sources etc.) 

Cryogenic infrastructure, (Bigger Liquid He Plant, Liquid N2 Plant and y g , ( gg q , q
Accessories for Larger Cryogen & Gas Handling Systems etc )Accessories for Larger Cryogen & Gas Handling Systems etc.)

Experimental facilities for superconducting materials research. Add to p p g
presently available (magnetic electrical & thermal conductivitypresently available (magnetic, electrical & thermal conductivity 

t )measurements) 

Facility to support cavity design fabrication & processing (UTM CMMFacility to support cavity design, fabrication & processing (UTM, CMM, 
SIMS Edd C t S t )SIMS, Eddy Current Scanner etc.)





A set of 4 clean rooms are planed as a part ofA set of 4 clean rooms are planed as a part of 
S d ti it i d blSuperconducting cavity processing and assembly 
facilityfacility.

l ll b d dClean rooms will be as per FS-209E/ISO standardp /
Class 10000 General assembly areaClass 10000 General assembly area, 
Class 1000 Ante Clean room andClass 1000 Ante Clean room and 
Assembly clean room divided in Class 100 and Class 10Assembly clean room divided in Class 100 and Class 10. 

The division between class 100 and class 10 area will be withThe division between class 100 and class 10 area will be with 
plexiglas panel divider from ceiling as short as possible toplexiglas panel divider from ceiling, as short as possible to 

it b t th dj i i f l 100permit easy access between the adjoining areas of class 100 
and class 10.

The sizes indicated for the clean rooms are tentativeThe sizes indicated for the clean rooms are tentative.
Federal Standard FS-209E/ ISO classification system orFederal Standard FS-209E/ ISO classification system or 

i l ill b d f h l lequivalent will be used for the clean room class q
specificationsspecifications.



CLEAN ROOM FACILITYCLEAN ROOM FACILITY
TO DRYING, VACUUM EBW OF DUMB BELLSTO CAVITY CHEMICALTO HOT WATER 

,
TESTING & VACUUMCAVITY MOVEMENT IN BUILDINGCHEMICAL ETCHING OF EBW OF DUMB-BELLS 

O OBEAD PULLTO CAVITY CHEMICAL 
OC SS G

TO HIGH PRESSURE TO VTS FOR CAVITYULTRASONIC CLEANING
TESTING & VACUUM 

SEALING
CAVITY MOVEMENT IN BUILDING

HALF CELLS, BEAM PIPE &EBW TO FORMRF FREQUENCYTO FORM BEAD PULL 
MEASUREMENT &PROCESSING :RINSINGTO VTS FOR CAVITY 

TESTINGULTRASONIC CLEANINGSEALING
(CLASS 10)

HALF CELLS, BEAM PIPE & 
FLANGES

EBW TO FORM 
DUMB-BELLS

RF FREQUENCY 
MEASUREMENTSINGLE CELL/ MEASUREMENT & 

TUNING FOR FIELDCBP→ EP → BCP → 
RINSING

(CLASS 100)TESTING

(CLASS 1000)
(CLASS 10)FLANGESDUMB-BELLSMEASUREMENT

MULTICELLTUNING FOR FIELD WATER RINSING
(CLASS 100)

(CLASS 1000)MULTICELLFLATNESSWATER RINSING

RF LAB
OVENSOVENS

E.B. C PASS 

THRUWELDING
EP BCP

C
H

E PURE 
GASES

THRU

EP       BCPM
. L CLASS 10CLASS 1000

GASES

EP       CBP

LA
B

CLASS 10
CLASS 10000CLASS 10000

STRING ASSY RF MEASUREMENT 
CLASS 100RAIL LAB

HPR UHV PUMP (CLASS 1000)UHV PUMP (CLASS  1000)

EBW WELDING STATION
CAVITY PROCESSING 

AREA
Proposed Clean Room Facility

AREA Class-10 80 sq m

Class-100 120 sq m

Class-1000 130 sq m

ClassClass-
10,000,

230 sq m230 sq m



Modular Clean Area 
Size = 6 m x 4 mSize  6 m x 4 m
HEPA & ULPA FFU = 12HEPA & ULPA FFU = 12
Assembly and measurementAssembly and measurement 
AArea



CAPACITYCAPACITY 
MAIN RAM : 120 TONS
MAIN RAM STROKE  :  400 MMS O 00
DIE CUSHIONING: 40 TONSDIE CUSHIONING: 40 TONS
DIE CUSHINING STROKE 200 MMDIE CUSHINING STROKE: 200 MM
CLAMPING : 20 TONS
DAYLIGHT : 600 MMDAYLIGHT : 600 MM 
BOLSTER PLATE SIZE : 900MM X 900 MMBOLSTER PLATE SIZE : 900MM X 900 MM
Machine Installed:
March 2009March 2009

1717
Forming of Al Half CellsForming of Al Half Cells



M j S ifi iMajor Specificationsj p
Electron Gun 15 kW 70 kVElectron Gun– 15 kW – 70 kV, 
Welding chamber Suitable for a job size: 1300 mm (L)Welding chamber Suitable for a job size: 1300 mm (L) 
x 1000 mm (W) x 1000 mm (H) with two suitablex 1000 mm (W) x 1000 mm (H) with two suitable 
pumps for vacuum 1x10-7 mbar and run outpumps for vacuum ~1x10-7 mbar and run out 
l fplatform.p

Y axis by the Electron Gun 200 mm travel CNCY axis, by the Electron Gun, 200 mm travel, CNC 
t ll dcontrolled.

X axis by the worktable 1300 mm travel CNCX axis, by the worktable, 1300 mm travel, CNC 
controlledcontrolled.
CNC Rotary Manipulator with tail stockCNC Rotary Manipulator with tail stock
M i d Til i 0° 90°Motorized Tilting system, 0° to 90°g y ,
General Control System with CNCGeneral Control System with CNC



Pump
ULTRA PURE
WATER (T5)

3-way valve

2-way valveS5 S6

•Electro polishing Bench (Single cell /
2 way valve

Stop Valve

S5 S6

PG2

•Electro polishing Bench (Single cell / 
Multi cell)

V1 Flow Meter
PressureMulti cell) GaugePG3
Thermometer

•Acid Storage, refrigerator and handling ScrubberSCB

system
V9

FM1PG1

•Heat Exchanger for EP solution V2 V8

V9

V3g

•Scrubber Unit (Acid fumes from EP)
V2 V8

P3

V3

•Scrubber Unit (Acid fumes from EP) V7 P3

•Chemistry Lab support for EP,BCP S1 S2 S3 S4V5

V4 V10NEUTRILIZATION

•Used Acid and affluent Collection &
S3 SV5

V6
P2 P1

V11

SCB SCB SCB SCB

Used Acid and affluent Collection & 
neutralization

P2 P1

neutralization

PLC C t l P l ( 0 25 V
HEAT EXCHANGER

•PLC Control Power supply ( 0-25 V, 
1000 A)

ACID TANK (T1)
DILUTE ACID (T4)USED ACID (T3)NEW ACID (T2) P4

TRENCH1000 A)



F tFeatures:Features:
Ca it Rotational speed• Cavity Rotational speed: 
10-100 RPM10-100 RPM
V ti l St k 1300• Vertical Stroke: 1300 mm

• Vertical movement speed: 300• Vertical movement   speed: 300 
mm/minmm/min
Ultra p re ater jet press re 80• Ultra-pure water jet    pressure: 80 
– 100 bar– 100 bar
St t d f SS304• Structure made of SS304 

• Installed in Class 100 clean room• Installed in Class 100 clean room



D l f i f i d fDevelopment of infrastructure required for p q
Saturated bath type vertical Test Cryostats: 2 KSaturated bath type vertical Test Cryostats: 2 K
(F S lib ti RRR t t )(For Sensor calibrations, RRR measurements etc.) 
Vertical Cryostat for testing SCRF Cavities: 2 KVertical Cryostat for testing SCRF Cavities: 2 K

D l t f H i t l T t t d f hi hDevelopment of Horizontal Test stand  for high p g
power testing of SCRF Cavities at 2Kpower testing of SCRF Cavities at 2K.

l f C d lDevelopment of Cryomodulese e op e t o C yo odu es
A t ti f t f ilit f li id H liAugmentation of present facility of liquid Helium g p y q
and Liquid Nitrogen production toand Liquid Nitrogen production to 

Approx. 200 lit/hr LHe with 10,000 L storage capacitypp / , g p y
Approx 400 lit/hr of Liquid NitrogenApprox. 400 lit/hr of Liquid Nitrogen.



Development of VTS-2 in collaborationDevelopment of VTS-2 in collaboration 
with FNALwith  FNAL

Single & 9-cell Tesla-style cavities (2 – 6 cavities)Single & 9-cell Tesla-style cavities (2 – 6 cavities)
Single Spoke Resonator cavity 325 MHzSingle Spoke Resonator cavity 325 MHz
T i l S k R C i 325 MHTriple Spoke Resonator Cavity 325 MHz

Measure Q vs. T (Tmin~1.5 K) min
Measure Q vs. Eacc at 2 Kacc

cryogenic capacity ~250 W at 2 Kcryogenic capacity 250 W at 2 K
Magnetically shielded cryostatMagnetically shielded cryostat

External (room temperature) Amumetal® (80% NiExternal (room-temperature) Amumetal® (80% Ni 
alloy) and internal Cryoperm 10® magnetic shieldalloy) and internal Cryoperm 10  magnetic shield, 
designed to attenuate field to <0.01 G at cavitydesigned to attenuate field to <0.01 G at cavity

Radiation shielding to maintain “Controlled Area”Radiation shielding to maintain Controlled Area  
statusstatus 

< 5 mrem in an hour immediately outside the
vacuum 
vessel < 5 mrem in an hour immediately outside the 

shieldingradiation

vessel 
φ=54” shieldingradiation 

shielding

heliumcavity helium 
vessel 
32”

cavity

32”



Design study of 32” bore VTS-2g y
Engineering design of LHe Vessel of VTS-2Engineering design of 

LHe Vessel 80 K shield Top FlangeLHe, Vessel, 80 K shield, Top Flange, 
internal & external magnetic shieldinternal & external magnetic shield 
V V l (54” OD)Vacuum Vessel (54” OD)
JT Heat Exchangerg

Design & Fabrication of VTS-2 at Indian IndustryDesign & Fabrication of VTS 2 at Indian Industry
Evaluation of VTS-2 at RRCATEvaluation of VTS-2 at RRCAT 

Assembly of VTS-2Assembly of VTS 2
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