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February 6, 1987

M. Tigner

. D. Jackson ZX}M

The following is a sequence of logical or semi-logical points narrowing down the properties.

1. The very low frequency longitudinal impedance of the beam tube is proportional to
(RRRt; )1, where t; is the thickness of the copper layer, and RRR is the residual
resistance ratio at the operating field B and temperature T. In the CDR, t; =0.1 mm,
RRR = 30 and Z,;(® = 0) = 4.4 ohms. Hence

()= _13.2
ZII (0=0) _RRRx] ohms

with t; in mm.

Discussions with Alex Chao lead to the conclusion that Z(w = 0) values more than

twice that of the CDR, while not impossible to handle, rapidly become undesirable.
Hence we demand

RRRt, > 1.5 mm

. From considering the necessary beam tube wall thickness to withstand gas pressure of
up to 100 atm, we conclude that a maximum Lorentz force of A = f,., = 250 psi during
a quench is the upper limit (My calculations imply the need for a wall thickness of 2.0
mm _for A =250 psi and P = 200 amm.). If we demand performance at 8.0 tesla, where
(B|B] Ymax i estimated to be 325 T2s°1, and A < 250 psi, then RRR(6.1 T) t; < 5.5.
(At the time of maximum B| B/, the field value of 0.76 x 8 = 6.1 T is close enough to
6.6 T that we can take the RRR values as the same.) We now have a range,

1.5 <RRR (6.6T, 4.3 K) t, (mm) < 5.5

From the point of view of the mechanical aspects, a choice close to the lower end is
clearly desirable.

3. The magnetic resistance effect limits the range of RRR values possible at 6.6 tesla. For
zero field values ranging from 100 to 103, RRR (6.6 T, 4 K) = 34 to 50. For RRRt;

= 1.5, these imply t; = 4.4 x 10-2 mm (1.7 mils) to 3.0 x 10-2 mm (1.2 mils). At the
upper ¢nd of the range, the thicknesses are 3.7 times larger.

A thickness of tj = 5x10-2 mm (2 mils) seems sensible. With RRR = 50 (RRR(0)
=~ 103) this thickmess gives A = 113 psi for an 8.0 tesla quench.

4, With t; = 5x10-2 mm, RRR > 30 is required to meet the Chao criterion of Z (@ =~ 0)
< 2(CDR value). This requires the zero-field value of RRR to be greater than 75. In
setting a specification, a zero-field vaiue of greater than 100 is desirable, perhaps even
150. Extreme purity is not at a premium, however. RRR(B = 0) in the range 150 to
500 seems allowable.



5. Bane and Chao examined the effects of surface finish on the impedance with a model of
a corrugated beam tube with annular corrugations whose depth and separation are a
typical peak to valley for the surface. The impedance at low frequencies (Z,/n) is line-
arly proportional to the scale parameter in this model. At 5 um, the contribution is ~30%
of the estimated impedance for the whole ring, If this estimate is reasonable, less than
10 pm seems desirable. Bintinger states that the platings obtained by BNL from their
commercial plater had a peak to valley scale of less than S pm. Hence § pm is easily

achievable and desirable for the rms surface finish.
6. Bintinger has the following observations:

a) 2 mil plating is acceptable from the point of view of photodesorption, as demonstrated
with the 5 m sample tubes obtained by BNL.

b) Those tubes have plating with the 5 wm peak to valley surface finish. The finish is
clean, without discoloration, and dull or matte. He believes these qualities should be
requirements. We do not want anything done to the surface to make it shiny, for
example, provided the rms surface finish is acceptable.

¢) Outgassing after one hour of pumping should be less than 5 x 10-? torr-liters/cm?/s.
David says that the BNL samples meet this condition.

d) While he feels that the existing plating samples meet the photodesorption require-
ments, he thinks it prudent to impose an eletrodesorption requirement on the plating.
The Accelerator Systems Division is developing the exact specification, but it will not
be available for several weeks.

e) David says that Skaritka has specs on strength, etc. (peeling, flexing, fatigue).

f) In the tubing samples seen so far, the nominal 2 pum plating varied from 2 to 3 mils in

thickness. That is a + 20% variation around 2.5 mils. I have no information on the
spatial distribution of the variation. Such a variation in thickness seems excessive,

7. "Specifications”
1) Copper plating thickness: 2 mils, with £ 10% tolerance, continuous
2) RMS surface finish: <5 um
3) Surface: clean, dull, free from discoloration

4) Copper purity: Such that p = 1.6 x 106 Q -cm at room temperature and RRR at 4 K
and B = ( in the range, 150 to 500. (No premium on the highest possible value.)

5) Outgassing: less than 5 x 10-? torr-liters/cm?/s after one hour of pumping
6) Electrodesorption test: (Details to come.)
7) Mechanical properties: (Skaritka/BNL to supply.)

Appended to this memorandum are Exhibits A, B and C from Jackson, Bintinger and Chao (with
handwritten notes by JDJ). These provided backup for the arguments.
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EXMBIT

.-.3 I’\'i-;t rv ‘1.-|Per
irom . Ajex Chae 1/1%/37

re . impedance issues concernig copper coating

This memo i3 to propose the specs and toterances, from the impedance

coint of view, for:

cepper <oating thickness iy

copper ~RR vaiue z/l‘l" ﬂéﬂ*j A
coating grainsize g — l{) 4

circumierentiai breaks

I assume the f¢ilowing are known:

stainiess sieel thickness {, = |

i

oige ragius b= 165 cm
cogpper conductivity = 1 8xI1C
"’38‘( -dotl auring uer‘cn
rmzs Sunch length = 7 im
aumger of particles per bunch
ring circumferance = 23 km

' KRR arg *'1 pecs

C

t3iriess steel coneuctivity 6~ = 2.0x10° (Q-m)”!

?.3){109

P %j"’" “

Selcw is a table illustrating the varicus effects due to the variations in

RRR and tE



QRR 30 60 40 &0 40 32 5O
tyimmj Q. 0.06 0.04 0.04 C.06 0,25 3.3%
low fraq.

Zy il 44 37 8.2 5.3 55 83/ 53
high fres.

Zy [ -nvw Q] 1S 1 i3 . 13 15 12
(@ in MHZ)

transition

freq. we [MHZ] 0.084 Q.i2 Q.26 0.26 0.18
sarasitic
neating 71 S0 61 C 51 7] g5

fwatt/seam]

trans. multi-bunch
growth time
-narrow band {s;  0.009 0010 0.005 0.007 0.007

-wide band [s] 14 17 7 1 1
R wy, L~ X ;
eddy curr. pinch 100 120 53 80 80 F : 7d?
during quench [psi] §4 ;H x 50005
\w

All cases ! to 4 are within acceptable tolerance. Conclysion: RRR=30+10,

t,=(0.0520.01)mm can be accepted as current specs. 2% 5000
BRR = 40 o 64T —= KRR =150 & 820
60 850
3y Yoo
RRR(9) RR(44T)
120 35
200 '%° 435 *°
3200 4%.2
400 L

500 54-



2 Tircumferential 3reaks Specs

Thiz i3 being studied by Meller and Ng. Their f'nal report is due in a month.
Quctad below are only the tentative resuits. if the final regort is

gitfarent, « will ieT you ¥NoW 25 3¢¢N as possitle. 1 )’.1*2\1

[

A3SUME 2 cne=inch oreak in ccoper gpatingewe™ 15 feel, The low
frequency impedance increases bySORThe high frequency impedance
Vincreases by 6% Parasitic neating increases by 6% Transverse
ingtacility 2ffects are worsened by no more than 50% and most likely by
only 16%. £ddy current effects are in general reduced. Such
circumferential breaks are acceptatie from the impedance point of view.
Thig, however, is not meant to say we recommend to have circumrerential

breaks.

A report, vet tc e documented, is being written by Kari Bane and me.
Azsuming grain size of S um, results so far are:

~ Apessimistic estimate gives Zy/n due to grainy wall to be 0.06 Q,

which is about 30% of the estimated iongitudinal impedance for the whoie
ring.

- Grainy wall contribution to Z, is 6 M0/m, which is about 15% of the
total ring value.

- Parasitic loss due to grainy wali is 1.6 watt per beam, which is very
small.

Conclusion: S5 um grain size is acceptable from the impedance point of
view. Substantially larger grain size is to be avoided.

cc Vic Karpenko
Peter Limon
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