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Nb,;Sn : a promising
alternative material for use
in SRF cavities with the
potential for

= Higher quench fields
= Greater cavity efficiency
= Operation at 4.2 K

Previous cavities limited by
severe Q-slope

The Promise of Nb,Sn

Parameter Niobium Nb,Sn
Transition temperature 9.2K 18 K
Superheating field 219 mT 425 mT
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Improved Cornell Nb;Sn coating recipe:
= All 1.3 GHz Nb;Sn cavities at Cornell achieve
16 MV/m with high efficiency at 4.2 K!
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Localised Quench due to Defect

Cooldown 1
° ° . o 17 T T T T T
Higher fields achieved during pulsed -
131
power tests | "
= Limited by local defect 5|
w
"g ' 5 10 15 20 25 30 35
250 5
©  ERL1-4 HPP data = , , (Cooldown2 _,
O  LTE1-7 HPP data 2
~ N - - - - ERL1-4 fit to high temperature data T ..l .
200 NN L g 13
o~ = = = = LTE1-7 fit to high temperature data o
\\\\\\ ¥¢  ERL1-4 CW quench field 8 ol
— ¥¢  LTE1-7 CW quench field =
E N § sl
o Pulsed: 105-110 mT =
E CW: 65-75 mT g o 5 10 15 20 25 30 35
c &
C% ‘E Cooldown 3
@@ e 13+
"
9,
5_
0242 62 82 102 122 142 162 182 202 1 : : : : : : :
0 5 10 15 20 25 30 35

2 2
Temperature (K ) T-Map board (around cavity beampipe)



Regions of thin film — insufficient

th|ckness to screen bqu from RF

":J

5z f_, Red < 0 4 |.lm th|ck

CH1 NMAG: 597 x HV: 30.0 KV

WD: 7.0 mm Px:0.51 um

= Solution: Pre-anodising substrate
before coating suppresses formation
of these thin-film regions!

Known Growth Defects

Q@

Tin-depleted regions with T, = 6 K — quench due
to thermal runaway?

Low-T_ inclusions within layer

Tin L-line Niobium L-line

Cross-section EDS maps courtesy of Thomas Proslier, ANL

= Work in progress — theoretical modelling of
the growth of these regions is underway using
ab initio Joint Density Functional Theory



Laboratory for
sed Sciences
and Education (CLASSE)

Introduction

"The Al3 superconductor NSz shoos
conuiderable prazue for replacne
ziobium m kizh-efSoener SRF catity
2ppboations. With 2 superhestns fidd
of 400 T the t l
peak achistable mdent 2 N0 MV /mm
an ILC~style 1.3 GHz cavaty, toice that
of miobmm.

Currext afforts a1 focmsed ontwo
fronts: improving thequaktr factor of
the catity andidertifring the reason
behind the czity quendh at Salds bdow
the superheatns Sald

NbSn offers the potential for a high gradient
machine operating at 4.2 K

Repeatable cavity performance

» Witk the mmprovementct
the coating racipe, 2l :
13 GHz smzle-cel
cavities cozted 2t Comell 7 B T o
2ckieve 2ocelerating I | ereeeedd’d Fodeguig
Fradients of 21620V/m | }

» More smzle-cell cavitis
kave beer f2boated o
further Improve statstics

4.2 K performance

Peak achievable fields
» In hizk puked poser
teiting, camities achiers

Belds kizher thaw those
seen m the CW tasts

» Extnapoltionfrom kigk £
tempennture e mel® 1Y) 0y
crtical flux antry Selds ;
comuntent wath 2
superheating Seldvahe
that 1 reduced by S4d v v ¢ v
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Cavities achieve surface peak fields of

>100 mT in pulsed power tests

Potential quench mechanisms

» Quanch maps of 2 cmity U = o
R

show that the quench i

localned m matixe
» The querch locaion 1 S S T
ndependert of the czty

cooldozz i - @
: .
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Black square: mdicate
rezioms of the cavity where
fast heatimz was detecnd
dunnz 2 quencherent
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Below: Red razion: mdiate 4
areas that pousess toothma
coating to effactivdy wozeen
the bulk from the RF Sad

Right: Cron-iaction EDS
maps of 2 Nb;Sz laper
showing tm-depletadrasox
with Jower transition
temperature {circlad m rad

Cavity quench is likely caused by identifiable

localised defects in the coated layer
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Introduction

Wby Sn cavities producad st Comeall have sougher surBoes
than conventional Niokivm cavitiss. Previous simulations and
caloulations have shown that both bumps and pits in the swce
of 2 cavity can cesse local enhencement of the surBoe magnstic
fisld. If the maznstic f=ld is suficiently enhanced over 2 larss
enough wres itcould lower the quench fisld of the cavity. The
increzzed urBoe area and chenge:s in locsl mapnstic Sald could
also impact the quality () Sctor of the cavitias. When
znalvzing smperimental data the Q-Bctor iz usoally assumed to
b identical toa smooth cavity, =0 any significent difSrence
could impact previous snalysiz of Wby Sn cavitiss.

Herz wa prezent glactromapnetic simulations of the impact of
the observed surBee soughness of Mby Bn cavitiss on the
enhancement of surBoe maznstic f:ld: and Q-Bctors.

Superheating Field

Klyztron high pulsad power
meszurements new T, (Hall, 20146)
zuggast the superhesting fsld in our
Wb 5n cavities is ~230 mT (at 0 K).

i This s significantly lower than
! - theorstical caloulstions that predict

suparhesting fislds of ~400 mT (at 0
K} Not including fisld enhencement

Fom surBce soughness ootz iz
liksly the capss of the lowsr
expariment resulis.

Conclusion and further work

Single cell cavities coated with Nb; S
reBablr achieve sradient of ~17 MV /m,
with kizher fields achietatie m pukied
power tests; howets, the quench Selds
3t £21l short of the maxmum sradient
pradicted by thesupahestng Sald.

Work i undersay o conchsirelridentify
the ex2ct source of canity quenchin 2
camity tast numz hizh reschuton
thermometry mappms

“ i
Short (2.5 pem) line sszments A% o,
werz taken fom Atomic Force .ﬂ A

Microzoops scans of Nby Sn coated
zamples. This ssgment of r=sl
height dats was vs=d inan
slectromarnatic simulation. In the
modal, the line sapment waz placad
in center (contsined within 6% of
the center) of the fat endof 2
cylindrical pill box cavity. The line
zsEment was fotated to created En
azimuthally symmetric cavity
(saquirad by SLANE2).

The slectromaznstic fsld was .
zolved ©or in the TE-111 mods Y
using SLANS2 (Supsrlsns). The
surfce magnetic feld paralls]l to ,
the line sagment waz comparsd 10 S,
the simulation results of a flat =
cavity and the maznstic f=ld
enhencement and changs in Q-
fctor was calculated.

Thea histogram on the right shows the rlative distribution of
fisld enhancement (H.,.,,E JH,oous ) OVEr ths sough segion.
The mesn of ths distribution is(0.958 = 0.011 (stat)). 10% of
the points are over 1.2, 5% of the points &= sbove 1.20 and
104 of the points are above 1.45. S

A 50% incresse inmesh
denzity increzsad the
enhancemant by spproximatsly
0.01 on som= of the shont i
zamplaz. Sozcrual enhancement
may ba slightly higher

The histoarsm on the T2 shows
the ratio of the quality Sctors owver
the rouzh regien ( Q-:ugl:-"’ﬂ'.-u,:e] -

Thz mean of the distributicn is

(1.038 = 0,010 {stst)). The Q-factor
| isincreased but s almost the same.

Conclusion

Field enhancement due to surface ronghness must be
accounted for when determining the superheating field from
high pulsed measurements. Azzuming (roughly) that 1% of the
cavity being normal conducting is enoush to canse 2 guench,
Comnsll klvstron snperiments suggest of superhesting fsld of
1.45 = 230 mT = 330 mT, This brings messurements much closar
to the theorstical prediction.

It iz not, however, important to consider surlce roughness
when caloulsting Q-Bctors Som ewperimentsl data, sz the
o causes almost no chanee in Q-factor.
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