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Abstract

▪ Existence of bimodal grain 

distributions containing fine 

(50–100 µm) and large 

(>100 μm) grains

▪ 800 °C HT leads to a bimodal 

microstructure in a 

traditional cavity that is 

related to flux trapping and 

inefficient flux expulsion 

▪ Forming cavities with cold-

worked Nb sheet leads to a 

more uniform microstructure

Cross-Sectional Microstructure- Traditional versus this work

▪ Major performance degradation issue: Residual magnetic flux trapping

during cavity cooldown due to incomplete Meissner effect

▪ Causes RF power dissipation due to the oscillation of trapped

vortices

▪ Favorable sites for flux trapping: Dislocations, segregation of impurities,

surface roughness, grain boundaries

▪ Main mechanism to reduce the defects: High temperature (HT) heat

treatment to fully recrystallize + grain growth for better flux expulsion

Cold-Worked Sheet HT Coupon Studies

Experimental Setup

Introduction

Poster # M2Po3C-02

A well-known source of RF losses that lowers the performance of superconducting radio frequency cavities is the residual magnetic flux

trapped during cool-down. In this presentation, we demonstrate how manipulating the niobium microstructure by changing the strain state of the initial Nb sheet

for an elliptical cavity geometry can improve the flux expulsion behavior. In this study, we compare the use of a traditional annealed poly-crystalline Nb sheet

with a sheet from the same origin but without the anneal and therefore retaining cold work strain from the sheet rolling process. We find that an 800°C heat

treatment of the formed traditional sheet leads to a bi-modal microstructure that relates to flux trapping and inefficient flux expulsion. This non-uniform

microstructure is related to varying strain profiles along the cavity shape. However, a more uniform microstructure after 800°C annealing is achieved when using

a cold-worked Nb sheet, resulting in better flux expulsion, without the need to perform the annealing at a higher temperature.

Improved Flux Expulsion Using C-W Sheets

▪ Cavity Fabrication: TESLA shaped 1.3 GHz

▪ Two single cell high purity Nb cavities:

1. Cavity from conventional SRF grade Nb

2. Cavity from cold-worked (C-W) Nb sheet

▪ Recipe: 25 μm EP followed by 800 °C/3 hr. HPR 

with de-ionized water and assembly.

▪ Installation: Flux gate magnetometer (FGM)  and T-

sensors

▪ Thermal cycle – with 10 mG to measure Bsc/Bn

▪ Cool down with residual B-field (Bn < 2 mG)

▪ Rs vs 1/T at (4.34 –1.6) K and Q0 vs Eacc at 2.0 K

▪ Coupon sample study – with different final HTs 

Fig 1: Set up for RF 

Test

Fig. 3: FESEM-EBSD IPF & IQ map for cold-

worked Nb sheet after increasing HT Temps

Fig. 4: (a) Magnetization (H), (b) 

Fp (B/Bc2)  & (c) HV0.3 (T) for 

cold-worked sample 

▪ Fig. 3: FESEM-EBSD: IPF and IQ 

maps show grain size increase with 

HT temperature

▪ Fig. 4a: Area of the magnetization 

hysteresis loop decreased as HT 

increased, showing the reduction in 

bulk pinning centers

▪ Fig. 4b: Pinning force (Fp) decreased 

and shifted to a lower value of B, with 

HT indicating the reduction of nano-

scale pinning sites

▪ Fig. 4c: Hardness vs HT temperature 

for C-W sheet. 800 °C is the minimum 

full recrystallization temperature

Fig. 2: a) B (T)- during cool down, b) Comparison of flux expulsion ratio

▪ At ∆T=3.28 K, Bsc/Bn = 1.55 ± 0.03

▪ Significantly better flux expulsion on cold-worked compared to SRF-

grade Nb cavity after 800 °C/3 h

▪ Similar ratio (Bsc/Bn ) after 900 °C/3 h & 1000 °C/3 h

a)

b)

c)

▪ SRF cavities fabricated from Nb sheets 

with different levels of cold work

▪ Comparison of cross-sectional analysesNew results are pending:

a) b)


