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1. Introduction

In any scheme for a muon collider the prepatation of the muoons has 1o be done as soon
as possible due 1o the finile lifelime of the muon [1]. Thetefore the production, the
caplute, the cooling and the acosl=tation tequitss high gradient of sttuctures (genevally
well above 20-30 MV/m) in a frequency tange of 0.03 o 1.0 GHz. In the cooling
channel low enstgy muons (Y2, f=0.85) ttavel thiongh absorbing material and locse
transveise and longitudinal momeniom. In the acceletating if sttuciures only
longitudinal momentum is teplaced which tesulis in a teduction in ttansvetse phase
space (ftansverse cooling). High gradient 805 MHz if-struciures are foresesn which
opetale al a gradienl well above 30 MV/m and ol a duly cvele mainly given by the
tilling time of the sttucture and the pulse repetition tate. The technical design of the
structure is pressnied in [2]. One of the specialiies of the stroctore is 2 125 pm
beryllium window, build into sach itis, lo incieass the electiic field stiength on axis
(Epeac = Bacel. Apait from the difficuliy 1o incorpotate the beryllivm window in the
manufaciuii ng ptocess, the Bervllium and Copper do have signiﬁcanil}' diffei=nt
maletial propeilies, which makes if opetation difficult as well. The power dissipation
in the beryllivm foil and the subssquent heating is investigaiad in this papet.

2. The Geometry of the Cavity

The gecmeity of the cavity is shown in Figure 1 with thres ool of 12-16 cslls which
will lalet on be used for a full stiuctuie. The stiucloie is designed to operate in 12
mode. Every next botl one cell is coupled throngh a coaxial 1vpe side coupled cell. The
betvllium window prohibits elecitical coupling thtough the inis.

Parameter Linit Bervllinm Copper
Nelting Point [ 1287 1085
Atomic weirht .01 B35
Density p gem’ 1.85 8.96
Thermal exp. o at 25 C° #10° LK 11.3 16.5
Heat capacitv {25 C%) J."HE."K 18250 385
Heat comd. WK

5 2000 401.0
77 R? i} &00.0
Electr. Reskit. p *10° Om

TTR" 0.a7 0.20
270 R? 3.00 1.54
300 Ke 376 1.73
400 K® &.76 2.40

Table 1: Selected material properiies of a bervilinm and copper relevant for the powet
loss and healing calculations.



The =l=ctric fisld lines tetminate on the berylliom foil and of current flows in the

suitace laver of the beryllivm window as well. Some matetial propeilies televant for
the calcolations ave summatized in Table 1.
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Figure 1: The shapes of 2 cslls of the accaletating stroctuve is shown, Within the s
the 125 pm thick beryllivm window can be seen. Every next butl one cell is coupled
through a coaxial type coupling cavity. The MAFLA meodsl used for the caleulation is
shown in the two lower pictures, whets the geometiy of the coupling slot (1=l picture)
and two coupled half cells (l=fi picluie] can be s=en.

3. Estimates using the Pillbox

For a pillbox, the power dissipalion can be calculated analviically. The dissipated
powet is simply given by:
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Fot the pillbox the magnetic fisld is well known and given by a bessel-funclion,
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and the integral overtihe suitace can be d=vided inlo the integtal over the oulside walls
with consianl magnetic field and the integral over the two itis walls:

(3) _[|H3|ds= E-Tﬁm- F) 2 -dr+ 2aR -1 T2 (k- R)
5 u 2x itis oiside wall

The Ratio of the Fowst dissipated in the oulside wall and the itis is thetafore simply

given by :
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which leaves a very simple formula for the tatio of the powet dissipated in the ooiside
will Py 1o the powet dissipatsd in the itds Pigg. [ is the ratio of the cavity length io
the cavity Radius:
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For a given mode UFUpcl'a‘liun, both the length L and the Radivs R can be expressed as
a function of wavelength, with the mode given in units of 7 :
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(6)
R = A
2.62

For the mode= -:qupcraliun nndet considetation hete (the W4-mode) this fuths ool 1o
-



(7 —L = =065 or =056
This me=ans thal for 2 T2 med= in a pillbox cavity 60 % of the powet is dissipaied in
the itisi=s].

A summaty of the if piopeilies of the cavily (compaie[2]] and some geomeliic
patameters ate ptesented in Table 2.

Parameter nnit

shunt impedance Rs MLV 7
Quality factor O 20,000
Peak Powet PP B Wi 30
Peak Power per cell VW 2.5
filli ng lime Tf Usec 39
RF ontime 3 x Tt Usec 12
Repstition Frequency Frep Hz 15
Avetage Powel pet cell W 440
Power into the Bervllinm window W A
Enetgy dumped in Bewll. per Pulse I 54
Temp. tise pet pulse AT/pulsein 2 & e 7.2
Temp. rise pet pulse AT /pulse e 0.06
Geometric data Tor the cavity

Beryllivm window thickness L 125
Window tadins cin b

Table I: RF paametets for the cavit v using bervllinm windows

Asswmingthat all the power would go through a suiface given by the tadivs + = 0.7*R
multiplisd by the thickness of the window and transpotisd over a length of 0.24%R,
becauss most of the heal is dissipated close 1o the edge, the lempeiatute Hse can be
estimaled using:

Ap.R
AP-L AP
= = A =180C".
A-F  A-2r-(0.7-R)-d

(8) AT

4. Calculation of the RF Power Loss and the Heat Distribution

The tfempetalute increase per unil suitace aiea is given by the power dissipated
between tadins O - 1 and has 1o be ttanspotled thiough a suiface layver given by the
thickness of 1the window | D1 and the thickness of the laver Ar
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The resistance of Beryllinm in addition changss strongly with tempstature, which is
iaken into acoount in the calculation. In Figute 3 the tempetatote gradient (dT) and the
tempetatute (T) over the window is shown. The solid lines show the gradient and
t=mpetaiots incloding the dependsnce of the tesistance on t=mpetature. According o
Table 1 the depsndenee is much stronger for berylli nm than for coppet

The t=mperaiute depandsnce and the tetal tempetature gradisnt calculated so far for a
pillbox cavily ave in agresment with [3]. In addition the difference in shunt impedancs
between a pure pillbox cavity and the interleaved struciote must be taken into account.
The peak powet tequited in a pillbox cavity 1o prtoduce a cerlain gradient is only 72 %
of the powet t=quited in the intetleaved stiucture, which can =asily be calculated using
the previons formuolas. The sscond picture in Figues 1 thetefore shows a scalsd curve
sing this value. Finally the tempetature diffstence over the window toins ool 1o be
191 deg it the cavily is opetaled ol room lempetatote.
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Figure 1: The graph shows the temperature gradient overthe window (Radins=0
middle of the itis). The dashed lines (dTT) is calculated net including the changs in
tesislance with ltemperatore.
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Figute 3: The graph shows the fempetatiore. The dashed line (TT) is calculated not
including the change in resistance with iempetaiore, while the continooos line
includes the chnage. From the plod, one can see that this eff=cl tis=s the lempetaiore
by 20 deg. In addition, the cicssed (+] line includes the difference between the pillbox
cavily and the actual cavily as shown in Figoe 1, which has a lower shunt impedance
plus the change in i=sistance. The maximum {empstaloie tise 1o the center of the
window is 191 dac T,

5. Mechanical deformation of the Beryllium window

Due 1o the t=mpetatore diffsrence actoss the beryllium window, the window  whils
being heated by if power will deform itself. The amount of deformation can sasily be
ezlimaled assuming the following geometiy:

h
L. “
R

The window will bend 1o one side becanse of the
thermal expansion of the disk

Figure 4: Simple geometry 1o sstimate the geometric detormation of the window.

The 1tolal change in length can be calcuolaled by integrating the lemperatore
disiti bution accotding 1o

R
(10 L=2[l+a T(rdr AL=L-2-R=2-R-(l-cos(a))
a

=



which gives an incizase in length of 0164 mm for 2 16 cm diametler window.
Accotding 1o the geoimetry skelched in Figure 4 the movement of the window is:

(11) h=yR-AL = 80%0.141 = 3.4mm

From equation | 11 ) one can see thal the buckling height only decreases as the square
texd of the window sxpansion which will be of intetest it one cools the cavity o liquid
nittogen tempetaiuie. The buckling desciibed here will tesult in a shifi of the tesonant
tiequency of approximately 12 MHz

6. Operation at Liquid Nitrogen Temperature

A1 liquid nittogen tempetatoies the bulk propeilies of Beryllinm changss diastically
which imptoves the situation. Presenily it is net clear, if full vse can be made from
these changes ai low lempetature and expetiments are underway 1o detetmine those in
a realistic envitonment. The essential patameters are listed in Table 3. The thermal
conductivily was estimatled vsing the Wisdemann-Franz law. The calculated valoe is
30% highetr than the one given in the Tabl= 3. On the other hand, the changs of
t=mpetaiote over the window has not besn taken imo account for the thetmal
conductivily and using a somewhal smaller value thetefors seems justified.

Material properties of Bervilimm
Thetmal conductivity & Win'kK ~ 1500
Theimal expansion coefficient o VK 1.3x10™
Resistivily (77 K| uem Q.07
Resistivity (177 K| JClem 1.38

Table 3: Material Propetties ot berviliom ol Liquid Mittogen temperaiute

With these patameters the temperaluie tse actoss the window decreases to only 10 C°
and the expansion 1o only 0.9 wm. The buckling height acoording to equ.( 10 ) is
(.35 mum. The actoal temperat ure cutves and numbets ave shown in Figure 5. As stated

betoie the crucial question remains whether these excellent bervlliom propetties can
ba achi=ved for the final window.

Fot the opetation of the beryllinm window with liguid nittogen tempetatute, a number
of olher questicons will have 1o be addressed which ave bevond the scope of this paper
bul will have impact on the final decision 1o use thess windows ot hotl.

¢ The average power going inlo the cavily will net change by going 1o LN
opetation. While the shunt impsdance goes up (~Q), the peak powst tequived for
a given gradient goss down by the sams amount, but the filling lime incizases by
the same amount. 5o the average dissipated power stays constanl. With the
present patametsis for the muon cooling channel [1] | this means approximately
6 kW of avetage powet pet melet of sttuclue. This power is dissipated al LN-.
With a conversion facior of tooghly 1:7 and a cooling channel length of at l=ast
200 meters, this requites a 10MW  ac power LM- plant. The implications fori
consituction and opetation of such a plant can be found =.g. in



¢ In some of the iefetences on Berylliom il is mentioned that Berylliom locsss
tensile strengih if coolsd 1o LN tempetatute. Again this bulk propsiy has 1o be
lesied.

* To dale there is no engineering design available which would keep the bervlliom
foil under t=nsion duting iof operation.
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Figure 5: The picturte shows the temperature distii botion over the window. The dashed
line (TT) is calcolaied ned including the change in resistance with temperaiute. From
the plot one can ses that this stf=cl tises the tempstature by ~4 deg C. In addition, the
dash-dotted line shows the diffeiznce belwesn the pillbox cavity and the actoal cavity
as shown in Figute 1, which has lower shunt impedance.

7. Summary

The tempetaiore gradient and the tempetatore disttibolion on a Berylliom window
implemenied in a 805 MHz pill box cavily has been investigaled. While ol toom
t=mpetat ute the fempetatote tise over the 16 cm diameter window is almest 200 C°, at
liguid nittogen tempetature the bulk propeiies in teuns of chmic losses seem very
altractive. The possibility 1o welably implement a Berylliom window cvercoming
such high temperators varations ssems very ditficull al toom t=mpetature which ne
technical solution available 1o date. At liquid nittogen fempetature on the other hand,
bulk propetties at= questionable and implementation for high powet opstation at low
lempetaiute is jusi as difficuld, although the sitess is much less once the window is
cooled down. Again no technical solution is available 1o date 1o keep the window
sit=ichad once i is coolad down.
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