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Abstract

Recently scientists of the different accelerating
centers where SC accelerating structures are used, pay
much attention to analysis of conditions of origin of
thermomagnetic breakdown [1-4]. Theoretical methods of
the analysis thermomagnetic instability analysis of SC
accelerating RF structure operation are developed. These
methods [1-4] allowed to revea the limit of the magnetic
field on the internal working surface, when there is no
thermomagnetic breakdown in the cavity. It is necessary
to note that all the works are related to the analysis of the
SC cavities only made of Niobium.

Now the project of the SC linear electron accelerator
is developed in our Lab. It is known as SVAAP
(Superconducting Vertical Accelerator for Applied
Purposes) [5, 6]. in our Lab . SC cavity on the base of
Nb/Cu is used [7]. We began develop the technology of
the superconducting cavity on the base of Nb/Cu since
1993 [7,8].

1. METHOD OF THE THEORETICAL
STUDY FOR CONDITIONSOF THE
THERMOMAGNETIC INSTABILITY

OCCURRENCE

Fig.1 shows the distribution of the magnetic field
among nine cells of the SC cavity for SVAAP.
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Fig. 1. Thediagram of distribution of magnetic intensity along
the length accel erating structure according to the program
PRUDO.

.

From this we can draw a conclusion, that the maximal
meaning of the magnetic intensity is necessary on
equatorial area of a cell of the cavity. On the assumption
of this, it is possible to pass to consider only the
equatorial area, as an area of the most probable transition
from a superconducting state to normal conducting state
in the result of the thermomagnetic breakdown. It alows
us to proceed from the complicated form of the cavity cell
to consideration of a cell as the cylinder with a diameter
equal to adiameter of the equator of acell.

Let's consider the multi -layer cylindrical wall of the
cavity (fig. 2) with the inside diameter d1, intermediate
diameter d2 and outside diameter d3, with different

factors of thermal conductivity of layers A, and A,.

Fig. 2. Heat transfer through the multy -layer cylindrical wall.

As given we have the constant Helium temperature of
abath t,, factor heat transfer to Helium on an outside wall
a, thermal resistance Kapitza on the boundary Nb-Cu

R, Kapitza thermal resistance on the boundary Nb-He

R, and flow of heat through inside surface Q . Let us

assume that length of a considered cell is big in
comparison with thickness of a wall. Then the losses of
heat from the butt end of a pipe can be neglected, and at
the established thermal mode the same quantity of heat
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will pass through a wall and will be given back from a
wall to the cold liquid.

Hence, it is possible to write:
1. Thermal flow through the Nb film

q r[(tcl c2)
|
1 d
7|n7
2\, d,
2 Thermal flow through the boundary in thein Nb/Cu

d,
a = n_(tcz _tcs) ;
Ra
3. Thermal flow through a copper shells

7T(tC3 c4)
! d

7| S

27, d,

4, Thermal flow in an inter boundary layer Cu-He.

d
ql = n_z(tcs _tc4) ;
Re
5. Flow of heat to the He bath

0 =armd,(tes —tye)

where R, and R, - thermal Kapitza resistance
between layers.

After addition of these equations is made , we
receive a temperature pressure amount of heat which is

passes through a unit of the surfaces of the cavity wall,
that we can determine as.

Q=KkIAT, (1)
wherek isa linear factor of a heat transfer [9].
For multi- layer wall
1

Rke, 1 d3

kl =
1 d
EFTInZ +——+—In—
Ay 4y dp

R 1
k2+E
2, d, dy adg

The magnetic field on the surface of the cavity
causes heating, which raises temperature of an internal
asurface of the RF structure. Thus the certain balance
between the reserved energy and the quantity of heat that
ispassing through a unit of the surfaces of a wall of the
cavity isnecessary for the steady work of system:

The dissipated RF power isdefined as:

P=%RS(T)EHZ, @)
where R (T) issurface resistance.

For the cavity from Nb/Cu [10]:

_ A
TY=Aw e —— Ry,
R(T) xp%ka%

where A is a factor that is a function of variables: the
electron velocity on the Fermi surfaceV , electronic
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density N, length of free run L (A=10%), wis frequency,

A
A - energy gap, K, - Boltsmann constant (— =15.6),
k
b
R ocr - residual surface resistance, N = 2.
Having equated P from (2) and Q from equation (1),
we shall receive the equation of athermal balance as:

%RS(T)H2=ka @

The received equation can be analysed by the
following ways:

AT
If we take R, IZEE(F (5)
itispossibleto receive acritical intensity of a magnetic
field that depends onthe on temperature of a He bath
[11);

[2[9( AT
If we take H= T (6)

we receive a critical intensity of a magnetic field that
depends on the temperature of an internal surface of the
cavity [8, 11];

Let's consider the given ways in more detail.

The table 1 includes the initial data for the cavity on
the base of Nb/Cu for the accelerator SVAAP.

Table 1.

Ne | The name meaning

Working frequency w, MHz 2950
2 | Therma transfer to He a , | 2500

w

m2 K
3 | Temperature of the He bath t, , K | 4-2
4 | Internal diameter d,, mm 96.122
5 | Intermediate diameter d.,, mm 96.125
6 | External diameter d, mm 102.125
, Nb thermal conductivity A, , | 80

w

miK
g Cu thermal conductivity A, , | 200

w

miK
9 ThermalzKap|tzareﬂstance Nb-Cu 0_02[”—]3.6

Rk1' m [K

w

10 ThermaIZKap|tzar&e|stance Cu-He 0.02DH4'5

szy m [K

w




The 10" Workshop on RF Superconductivity, 2001, Tsukuba, Japan

On the base Table 1 we shall do the calculation of the
thermal magnetic instability.

Method 1

We want to find the graphic decision of the system of
equations consisting of the transformed equation of
thermal balance (5) and the temperature-frequency
dependence of surface resistance (4). In the fig. 3 curve
1 is a temperature dependence of the surface resistance
according the BKS-theory. Curve 2 corresponds to the
meaning of intensity of a magnetic field H=2.5 10°A/m,
curve2'-H=3.8 10°A/mat T=18K.
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Fig. 3 Graphic decision of the system of
equations by method 1 for the cavity made
of Nb/Cu.

Other characteristics of cavity, such as athermal
conductivity factor, Kapitzaresistance, geometrical sizes
areincluded into parameters of astraight line2 and 2 .The
points of intersection of curve 1 from a straight line 2 and
2 ' give the decision of the equation.

When we have a straight line 2 and the BKS-curve
crossing the stable work of RF cavity ispossible. In this
case al heat selected at dispersion of the RF power on an
internal surface of the cavity isallocated inthe He bath.

At the increase of magnetic intensity the inclination of
line 2 decreases and under certain conditions it reaches a
state, when the straight line is pertinent to the BKS-curve.
In this case metastable  condition of the system is
observed and at any deviations of temperature of a wall
thermal and thermal magnetic breakdown is possible.
This critical inclination enables us to define a critica
level of magnetic intensity.

Method 2

A graphic decision of the equation (6) is given in fig.4.
The received curve displays the greatest possible
theoretical field of magnetic intensity (Hy). The given
model allows more precisely and visuall —analyse the

stability of the SC  accelerating cavity work at the a
working temperature range from 1.8 up to 4.2 K.
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Fig. 4. Diagrams of dependence of intensity of a
magnetic field from

It is necessary to note, that the given model in contrast
to model described in work [4] alows to take into
account such factors, as temperature and BKS frequency
dependence of surface resistance of an environmental
superconductor, heat transfer between of the cavity wall
and the He bath (thermal Kapitza resistance) and factor
thermal transfer to He). It is possible to influence these
parameters by technological methods of a processing of
the cavity surface, that will allow us to come nearer to
the theoretical meanings

2. ACCELERATING FIELDS FOR

CAVITY ON THE BASE NB/CU

For calculate the accelerating fields the formulais
used

2
Ejo
r

QTEDO

wherelL is length of the accelerating structure 12]:,

P (7)1
C ,

r
E,w isaccelerating field, —2 isthe impedance.
0
Having transformed this expression we shall
receive:
For the resonator from Nb/Cu:

n(tkp -t ) o
teor max (8)
Bk T T o R 1 dy R 1
24 d d, 20, d, dg adg

In fig. 5 the dependence of the maximum accelerating
field on the temperature for cavities is represented at
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different quality factor calculation is made with the
geometry and thickness of the layers for accelerating
cavity, showed at Fig.6. . The curve 1 corresponds to the

cavity with the quality factor Q, =10, curve 2
corresponds to the quality factor Q, =10°.
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Fig. 5 Diagrams of dependence of an
accelerating field versus to the working
temperature

Fig. 6. SC accelerating cavity for SVAAP with thickness
of Nb filmis 3 um and thickness of Cu shellsis 3mm

3. CONCLUSION

Analysing the received results, it is possible to make
the following conclusions:

1. Theoreticaly the use of SC films in RF accelerating
cavities gives us not only economic benefit, but
allows to increase accelerating fields.

2. Increasing of copper shell thickness leads to
decreasing of the common thermal resistance and
allows us increase the hardness of SC accelerating
structure.

3. Niobium therma conductivity in this case does not
render significant influence on the maximum
accelerating field, at to temperature range 1.8-4.2 K.
This influence becomes more significant at
temperature close to critical temperature.

4. It is necessary to continue to develop a new
technology and specia equipment for the
accelerating cavities on the base of Nb/Cu.

It is necessary also to note, that in is work the
influence of metallurgical and technological defects on
critical fields was not taken into account. At present we

work at the computation program that allows us to take
into account this influence will for cavity on the base of
Nb/Cu..
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