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9.1 Cryogenics for the Vertical Test

9.2 Theory of RF Measurement of SRF Cavities

9.3 RF Measurement System

9. Performance Evaluation 
(Vertical Test)
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9.1 Cryogenics System for Vertical Test

Return Gas line

Pumping system
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SRF Cavity（a Nb/Cu clad cavity)

A SRF cavity hanged vacuum 
evacuation stand.
The cavity vacuum is pinched 
off by a metal valve.

Variable 
RF Input coupler

Pickup coupler
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Structure of the Variable RF Input Coupler

Vacuum evacuation port
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9.2 Theory of RF Measurement of SRF Cavities
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One-Port Cavity

  

QO ≡
ωU
Ploss

,  

 QL ≡
ωU

Ploss + Pe
=

ωU

Ploss (1 + Pe
Ploss

)
    (for one port)

       = QO
(1+ β in )

  

β in ≡
Pe
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=

1 ± Pr
Pin

1 ∓ Pr
Pin

    (over > 1/ under < 1)
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Pin
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 QO = (1+ βin ) ⋅QL

Rs =
Γ

Qo

Equivalent Circuit model
Judgment from Pr

Calculation　Qo

Calculation　QL, βin

Measurement
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Two-Port Cavity

Ploss
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Pt
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Ploss = Pin - Pr - Pt

Pin

Ploss

Pr

Pt

h

Stationary state：h = const U const

Qo
* =

Q o
(1 + βt )

= (1+β in
* ) ･QL

Qo = (1 +βin
* )･(1+ βt ) ･QL

= 1+ (1 +β t )･βin
* + β t[ ]･QL

= 1 + βin + β t( )･QL
∵ β in ≡ (1 +βt )･βin

*

Q o ≡ ωU
Ploss

, Qt ≡ ωU
Pt

= ωU / Ploss
Pt / Ploss

= βt ⋅Q o

ωU = Q o ⋅ Ploss = Q t ⋅ Pt
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Calculation of Gradient
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Once measured the Qt, you can calculate Eacc directly from Pt and Qt.
QO is also directly calculated from them.

You don’t need to measure the decay time for every gradient.

Exercise VIII.
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Cable Correction Exercise VII.
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( fC − fSG )
∝  Vout

PLL

Vout ∝  ( fC − fSG )

PLL

fSG fC

9.3 RF Measurement System
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Measurement of Surface Resistance

10-10
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Rs: (1.259E-4/T) exp(-18.008/T) + 5.5682E-9 
RBCS = (1.259E-4/T) exp(-18.008/T)

Rs [ Ω]

1/T [K -1]

Rres

Rs − fit : Rs(T) =
A
T

⋅ exp(−
B
T

) + Rres

                          B =
∆
kB
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High Gradient Measurement　Qo-Eacc curve


