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R&D Meeting, Thursday, Feb. 29, Bldg. 30B, Rm 459

It is the idea to report/discuss about the following subjects and to stimulate
further experimental investigations:

A: Quench limitations

1. Review model calculations of quench fields as function of

- defect size (including defect-free case)

- wall thickness

- RRR

- Kapitza resistance

Model calculations have been done at Cornell, Wuppertal (finite element) and at
Saclay (analytic) - Reschke Safa

2. Experimental verification of Kapitza resistance - Saclay/Orsay

3. Compare measured results of quench limitations vs. RRR - Moeller

4. Experimental evidence of importance of material parameters other than RRR
on cavity performance - {(discussion)

5. Correlation between Qo at low field and max Eacc - (discussion)

B: Ti heat treatment

1. Theoretical diffusion (grain boundary diffusion) of Ti into Nb as function
of temperature and time - Singer

2. Experimental data on Ti diffusion into Nb - Matheisen, Safa

3. Temperature and time profile during Ti treatment: experience with cavities
and samples. - (Saclay/Desy)

4. Lowering of yield strength by heat treatment - Kaiser, Singer

C: Quality control of Nb

1. First results/conclusion from magnetization measurements - Schmueser

2. First results/conclusions from He2 measurements - Miiller

3. Results from eddy current measurements: is this a method to scan Nb sheet
material - Singer

4. Material properties of Tokyo Denkai Nb material - (NN)

D: Field emission

1. Correlation of field emission properties with treatment of TTF cavities -
Kuzminski

2, Strategy to achieve high gradients without HPP - (discussion)

3. Do we gain permanent improvement after HPP? - (discussion)

4. Understanding of Q degradation after HPP. - Pekeler, NN

3. DC field emission from naturally rough particles - Habermann

=
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Summary of workshop en niobium properties and cavity treatment
P.Schmiiser

A) Quality control of niobium
1) First results/conclusions from B,; measurements (G. Miiller, Wuppertal).

In the apparatus built at Wuppertal, a niobium sample of 30x10x3 mm’ size is inserted
between two small coils of 8 mm diameter. The first coil produces an a.c. magnetic
field of up to 50 Gauss transverse to the surface of the sample, the second coil serves
as induction coil. The signal is processed with a lock-in analyzer. The optimum
frequency is about 160 Hz, higher frequencies lead to microphonics. There is some
stray flux around the sample, so the pick-up coil receives also a signal when the sample
is superconducttve. The arrangement is positioned inside a superconducting solenoid
coil providing a longitudinal field B, of up to 8 T. A standard measurement consists in
recording the amplitude of the pick-up signal as a function of the field B,. When the
upper critical field of Nb is exceeded one observes a steep increase in signal amplitude
since the field attenuation in normal-conducting Nb is weak. The position of the step
determines B.. . For a pure niobium surface one obtains B,=0.27 T. The height of the
step is a measure of RRR, large RRR values (high conductivity Nb) give a small step.
Two Heraeus samples show this nicely, sample (a) with 770°C heat treatment
and 100 pm chemical polishing, sample (b) with 1400°C heat treatment (titanium
getter) and 200 um chemical polishing. In a Wah Chang sample (c) the transition starts
at the same field but is wider, indicating some surface damage. The Wuppertal
'reference sample’ (d) from old Kawecki material has a wide transition above 0.4 T
which implies surface contamination. _
Using a very small a.c. field of 50 mG the technique is extremely sensitive to thin
surface layers. The data show clearly that after a 1400°C heat treatment with titanium
getter a NbTi surface layer is present which needs at least 200 um of BCP to be
removed. A chemical polishing of 200 um appears also recommendable for the new
heat treatment (1 hour at 1400°C, 3 hours at 1250°C) but the B.; data are not yet
conclusive.

2) Eddy current check of niobium at BAM (W. Singer, DESY).

The Bundesanstalt fiir Materiaiforschung in Berlin has developed a high-resolution
scanning head which is capable of resolving defects in the few 100 pm range. The
eddy-current penetration depth depends on the conductivity of the sample and on
frequency. Voids and scratches of at least 100 um can be detected in a surface layer up
to 300 pum deep. For a larger depth up to 3 mm the minimum defect size is 500 um. In
cell 5 of cavity D6 a large defect was found. Scanning of entire niobium sheets takes
very long with the present setup.
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3) First results on Nb magnetization hysteresis (P. Schmiiser, Uni Hamburg).

Following a design at KEK an apparatus was built at DESY for measuring the
magnetic hysteresis of 9x9mm? samples from the Nb sheets used for cavity production.
The basic idea is that pure niobium should have no flux pinning and hence follow a
reversible magnetization curve while the observation of a magnetic hysteresis is a proof
of magnetic flux pinning. Pinning centers (lattice defects or impurities) at the surface
can be expected to increase the surface RF resistance. The Japanese data show a large
hysteresis after heat treatment with titanium gettering which vanishes after chemical
polishing. This is an indication that a NbTi surface layer was formed by the heat
treatment with Ti getter. The Heraeus Nb sheets exhibit a large hysteresis loop in the
raw matertal. After heat treatment (1 hour at 1400°C, 3 hours at 1250°C with Ti
getter) but without subsequent chemical polishing the enclosed area of the hysteresis
loop is reduced by factor of 10. Additional chemistry (50 pm removal) does not
change the hysteresis. These results are surprising in view of the KEK results.
Investigations on the sensitivity of the DESY setup to NbTi surface layers are needed.

B) Quench limitations
1) Thermal model calculations (D. Reschke, DESY).

At Wuppertal a program has been written to solve the heat equation for a cylindrical
disk on a discrete lattice. The mesh size is variable and can be made finer close to a
possible hot spot at r=0. The heat conductivity of niobium is treated as temperature
dependent. Data on A(T) for Nb of different RRR wvalues are used as input. The
Kapitza conductance is taken from measurements of Mittag and from Orsay, the
uncertainty is estimated to be around 30%. Calculations were done at Wuppertal for 3
Ghz cavities. The calculated quench fields agree with experimental data. At low RRR
the heat conductivity scales with the square root of RRR but above RRR=300 there is
a weaker dependence of A(T) on RRR. This observation is supported by analytical
calculations by H. Safa which are based on a constant average heat conductivity. It
appears questionable whether an increase in RRR beyond 500 will improve the cavity
performance. It was agreed that thermal calculations should be done for the TESLA
1.3 Ghz cavities.

2) Kapitza conductance at Cu-Hell interface and critical heat flux in saturated
superfluid helium (M. Fouaidy, IPN-Orsay)

Precise data were presented for the heat transfer between copper and superfluid helium
and on the heat flux in He I1.

3) Experimental results on quench limitations (W.-D. Mgller, DESY).

In test results from 40 single cell cavities (excluding the KEK cavities) the quench

field is found to increase with vRRR for RRR up to 300 and then to level off. For
multicell cavities a clear rise between RRR=300 and 500 is seen. Several KEK single-
cell cavities achieve very high quench field at moderate RRR (200-350). Model

&
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calculations show that in case of large defects a significant improvement is expected by
increasing RRR while for small defects the improvement is only moderate.

C) Heat treatment procedure of niobium cavities
1) Diffusion of O, C, N and Ti in niobium (W _Singer, DESY).

The elements O, C, N are dissolved in the bulk niobium and have to be removed by a
suitable heat treatment. In material with RRR=300 the contamination amounts to
around 5 pg oxygen per g Nb (5 weight ppm) and similarly for C and N. Heat
treatment at 1400°C for 4 hours reduces the oxygen content to less than 0.1 wt ppm.
The diffusion coefficients of O, C, N in Nb depend exponentially on temperature. A 4
hour heat treatment at 1400°C removes 98% of the oxygen, at 1200°C only 78%. The
vacuum in the fumace (a few 107 mbar) is insufficient to perform heat treatment
without titanium gettering because otherwise the oxygen content in the niobium would
be enhanced. A reasonable vapour pressure of Ti requires high temperature, 1400°C
being much more favourable than 1200°C. Titanium diffusion in pure Nb is very slow
but as soon as a NbTi layer 1s formed the diffusion coefficient increases with increasing
Ti concentration. For 4 hours at 1400°C Ti diffuses to about 100 um depth but it
should be noted that the diffusion occurs mainly at grain boundaries and may be deeper
there. Hence 4 hours at 1400°C may be too much.

2) Experimenta data on titamum diffusion mto niobium (A. Matheisen, DESY).

The heat treatment cycle I for TESLA cavities involves two pre-heating steps at 550°C
and 1100°C for outgassing. Heating the furnace to these temperature levels requires 8
hours each. The oven is cooled down overnight. Then it is heated to 1400°C in 8 hours
and stays at 1400°C for 4 hours. With titanium getter the RRR improves from 250-280
to about 550. The new cycle II involves 3 preheating steps (550°C, 1000°C and
1400°C with cooldown overnight in between). Then the furnace is heated up to 1400°C
in 4 hours, stays at 1400°C for 1 hour, followed by 3 hours at 1250°C and cooldown.
With cycle II the RRR increases somewhat less, to about 490. The preheating steps are
needed because of heavy outgassing,

The titanium layer deposited in cycle I was measured by MAN to be about 16
pm thick. X ray analysis at MAN was not sensitive enough to reveal Ti penetration
into deeper layers. A measurement at Hasylab which yielded a penetration depth of
about 70 pum.

The heat treatment cycle for the TTF cavities should be reexamined. It appears
that in the 3-hour period the temperature of 1250°C may be too low for an effective
oxygen removal and that 1300°C or 1350°C (but less than 1400°C) might be more
appropriate. Also a moderate extension of the time spent at high temperature may be
favourable. Calculations and tests measurements are needed.

- 3) Softening of Nb during heat treatment (H. Kaiser, DESY).
Creep measurements on a heat-treated Nb sample show that the plastic limit is only 5

MPa (5 N/mm?). When a load is applied one observes creep which leads to a
lenghtening and a certain hardening of the material. Due to this extreme sofiness the

3
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heat-treated cavity is very sensitive and can be plastically deformed by improper
handling and during mounting in the test dewar or in the tuning apparatus. Measures
have been taken to avoid this. Another concemn is that the cavity might sag in the
horizontal cryostat. If it is supported at the end flanges the maximum computed stress
of 14 MPa clearly exceeds the plastic limit of 5 MPa. The measured plastic sag is
found to follow a logarithmic time dependence. For a support at the end flanges a sag
of 0.5 mm is expected in the first year and almost no sag afterwards. In the titanium
cylinder the cavity is supported further inside and the expected sag is significantly
lower. Hence a center support is not needed. However, extreme care must be
excercised during handling and welding to prevent permanent deformation and
detuning of the cavity.

D) Field emission

1) Correlation of field emission properties and cavity performance (J. Kusminski,
DESY, M. Pekeler, Uni Hamburg).

The Dornier 9-cell cavities exhibited some field emission which could be removed by
high power processing. The present limitations seen in D4, D5 and D6 are probably
not due to field emission. The removal of emitters by HPP is usually accompanied with
a Q degradation (if the initial Q was in the 10'° range). The interpration is that material
evaporating from the emitting site is deposited elsewhere on the cavity surface and
degrades the surface resistance. Hence HPP may be a viable method for removing field
emitters from an already installed cavity but it is not considered a good tool for
conditioning the cavity in the preparatory phase. There is general agreement that field
emitters should and can be avoided by several high pressure rinsing steps and
extremely careful handling. The standard RF test of the TTF cavities is now carried out
with an input antenna that is matched to a high Q and does not allow HPP.

An improvement of Q by HPP was only observed when the initial Q was fairly low.

2) Field emission from natural rough particles (T. Habermann, Wuppertal).

The experiment has been designed to check the validity of the "tip-on-tip" model for
large field enhancement factors. Field emission from dust particles were studied in a
d.c. field. The emitting particles were investigated with a scanning electron
miscroscope and their size, shape geometrical field enhancement factors were
determined. By evaporating a gold film these geometrical quantities are modified in a
well-defined way. Although there is a considerable spread in the correlation plots the
data show clearly that with natural particles field enhancement factors in the range 50-
200 can be realized.
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3) Impact of dark current on the performance of 9-cell cavities {C. Stolzenburg,
DESY).

A program has been written to track the trajectories of field-emitted electrons through
the

9-cell cavity. It is obvious that the electrons emitted in a given cell extract energy not
only from this cell but also from other cells. Hence, for identical field emission
properties, the Q(E) curve of a 9-cell cavity will start to drop at an accelerating field
that is roughly 5 MV/m lower than for a single-cell cavity. The Q(E) curves of the
Dornier cavities D1 and D2 (without heavy field emission) can be well parametrized by
a model in which many small field emitters are assumed with a gaussian distribution of
field enhancement factors. The initial tests of these cavities were often dominated by
single strong field emitter. Choosing an appropriate B value also the Q(E) curve of
such a cavity is well reproduced. Tt appears that these calculations offer a nice way to
parametrize cavity performance.
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Nb sheet properties
Manufacturer |W.C.HERAEUS GmbH IW.C.HEFIAEUS GmbH [W.CHERAEUSGmbH |TELEDYNE WAH CHANG
Properties Cavity -2,-1 Cavity D1...D6 57-512,A13-A18
2351 407-433 300 -380 278-350 400
Impurities content, %
Ta 0,037 0,036 0,012 0,02
w <0,005 <0,005 <0,005 <0,003
Ti <0,001 0,002 <D,004
Fe <0,002 0,002(<0,002 <0,003
Si <0,002 <0,002 {3,002 <0,002
Mo <0,002 <0,002 <(,002 <{3,003
Ni <0,003 <0,002
iz <0,003 <0,002
H <0,0005 <{},0005 <0,0005 <0,0003
N <0,001 <0,001 <0,001 <(,002
O <0,001-0,03 <0,00,1 <{,001 <0,004
C <0,001 <{(,001
Mechanical jproperties
Tensile strength,
R, (N/mm?2) 175|150 -180 152 - 160 1576 - 161
Yield strength, Rp 0,2
{N/mm2) 53{60 -97 79 - 81 90,8 - 94,9
Elongation,% 54|38 -70 48 - 68 51 - 52
Hardness, HV10 38 -45 40 - 46 49|
Grain size, ASTM’ 6,5-8,5 6 -8, 5 -85 7
Recristallisation heating.
Temperature, °C 770 770|770 -800
Ttme, h 1 111 -1,25 .
Thickness, mm 2,69....2,88 2,45....2.85 - 12,67.... 2,90
Number of the sheet (2,8°262°262} 40 150 275 . 120
Delivery data Feb 94 Juk 94 Jan 85
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O
COPPER ROD TEMPERATURE VARIATIONS

- VERSUS THE APPLIED HEAT FLUX
Th#1 z=23.3mm, Th#2 z=15.3mm, Th#3 z=7.3mm, Th#4 z=0

Run of November 1995
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Conductivity( W/m.K )

‘Temperature ( K )

COMPARISON OF THE SURFACE SCANNING THERMOMETER

THERMAL REPONSE WITH THE SURFACE

- TEMPERATURE EXTRAPOLED FROM THE TEMPERATURE

9

800_
700
600
500
400
300
200

100

PROFILE ALONG THE COPPER ROD

LENLUNL I T R B B B B |

° .
]

[ A A S | oo v ea sy aay Lo v v s baa i vge

Run of November 1985

Without Apiezon N—Grease
Copper Rod #A °and *
Copper Rod #C cand = o
¥With Apiezon N—Grease o
Copper Rod #B °and 500 TS4_

o °
o ¢
0o

ao

e We

Saturated Superfluid Helium Test
Tphath = 1.8 K

10000 20000 30000, 40006 50000
Flux (Wm"™)

OFHC COPPER RODS
THERMAL CONDUCTIVITY

Experimental cell with four heater—posts
Run of November 1995

LI I L L NN L Y L O Y L Y I L B

Th#l and Th 4

Copper rod #A Thyz and Thys

B D

Th#l and Th#g e

o
Copper rod #B 1 1,7, and Thys

a Th#land'['h#g A °
- Th#z RndTh#3 a

(]
Q
o
el
]
-
a
%=
]

» Thyy and Th o
Copper rod 4D ° Thﬁz and Thi;a .

% pe

Saturated Superfluid Helium Test
Tpath = 1-800 K

1 1 1 1 [ 1 1 | 1 1 1 1 ] PR T R T 1 1 !

=y

2 3 4 5 6
Temperature ( K )
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LOW HEAT FLUX KAPITZA CONDUCTANCE

AT Cu - Hell INTERFACE FOR THE 4 COPPER RODS
{A,B,Cand D)
Run of November 1995

8000 ¢
7000 £
6000 5— a s
— E 49 Ue - ? hd D° o
P 5000 Foco o © 0 0 Do o4
o2 FO
E o ° o
; 4000 [
N -
o E Without Apiezon N-Grease
2t 3000 F Copper Rod #A o
= E Copper Red #C o
E With Apiezon N-Grease
2000 E ) Copper qu #B o
E Whithout Surface Scanning Thermometer
F Copper Rod §D a
1000 = Saturated Superfuid Helium Test
: Thath = 1.8 K
0:llllllllllllIIllIl)IIIllllllllllI!IIIIIIIIlllllII
0 10000 20000 30'00_02 40000 50000
Flux ( Win"™)
GLOBAL KAPITZA CONDUCTANCE
AT Cu - Hell INTERFACE FOR THE 4 COPPER RODS
. (A B CandD)
‘ Run of November 1995
20000 F
18000 £ o
E o
E 4 g
16000 £ ° a
F o]
—~ 14000 £
% 12000 °°
C\IE 3 N o
E L]
= 10000 F o
= o
—~ - Without Apiezon N~Grease
o 8000 ; g ° Copper Rod #A <
= E oA o Copper Rod #C o
6000 F ° With Apiezon N—Grease
: ED Copper Red #B o
FO Whithout Surface Scanning Thermometer
4000 ;_ Copper Rod #D &
2000 E Saturated Superfluid Helium Test
Thath = 1.8 K
0 E IS N S T B BN A T F I T | | R | '
0 10000 20000 30000 3?—

Flux ( W/m2 )
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COPPER ROD TEMPERATURE VARIATIONS

VERSUS THE APPLIED HEAT Tl
For the THERMOMETER #3 located at z = 7.3 mm {rom #e
Run of November 1985 Cooted Sarﬁal.-
10
9
B
-
S 6 r
I
g s
5 a
g CF
E. R Th Mo+ Griaie =
e 8¢ ¥ Copper T 1> Scamning Sude cc TR
. o - V7] Y e
C ™ gopper:% E——1 Y it f o Witowk /7 -
A Copper ro -
2 Rk PR DR S
S‘% rj'aoa’f &u‘,—\, Yha okt ¥ )
1 Saturated Superfluid Helium Test
Thatnh = 1.800 K
0 1 'l L L I 1 i A | I 1 A L. L l ' i 1 [l l L L 1 1 l 31 1 1 t 1 1 1 1
0 1 2 3 4 6 7
Heat Flux ( Woem"® )
Authors h, I H,@1.8K Runs
Mittag(1973) 0.0170 3.62 0.143
Mitlag(1973) 0.020 4.65 0.308
Wilkes(1978) 0.0136 3.00 0,142
Wilkes(1978) 0.0252 3.90 0.242
Wilkes(1978) 0.0072 441 0.09
Wilkes(1978) 0.0145 3.96 0.149-
Wilkes(1978) 0.0240 430 0.310
IPN-GECS 0.0883 325 0.596 Oct90 (%)
IPN-GECS 0.0774 3.44 0.585 Dec.90 (*)
IPN-GECS 0.0359 4.28 0444 Octo] (*%)
n 2
HK =hOTbalh(chm K)

{*} Standard SRF Surface Chemical Treatment and Long Term (= 9 months) stay of
the sample under Ambiant Atmosphere (Air)

(**) The same sample underwent a new Chemical Treatment in standard way as for
item (*) but was kept under helium atmosphere before experimental runs

Table I : Experimeﬂla[ Kapitza conductance HK for niobium samples of different
surface treatments
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iy Or HELIUM

ASE Diss

Fr

100

Flux ( W/crn2 )

P}
<
5]
E
i
O

POINT

SATURATED Ha

Hel

PRESSURIZELD Ha Hl

{ Subcooled ligyid )

|

ligr o) g

SATURATED Hell

100 L _

~lead) d

CRITICAL HEAT FLUX

10

AT THE TRANSITION TO FILM BOILING

Horizontal heated surface facing downward
Run of November 1995

¥ T T i T L] T T ] L] T T T I T T T T I T T T T

Saturated Superfluid Helium Test

Tpath = 1.8K
Rod #D
( Without Thg )

—
o

Rod #B
° { Thg + Grease )
A/n/sod 4C
( Thg )
Rod #A
{ Thg )
L L 1 1 I H i L 1 l ] 1 1 L ‘ 1 3 'l L I k i 1 L
20 30 40 50

Tonn omm et man Amrd T  n

60
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