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Abstract
The effect of a single HOM-damper cell within a channel of ; 1 C 1 - 1
undamped cells is described theoretically using an equivalent {'wL " e (1 +a } la iCk l2= V1 @

circuit model. From this a simple equation can be derived
which relates the Q-value of the single damping-cell, the
bandwidth of the passband under consideration, and the
additional phase shift which is introduced by the damper cell to |
provide energy flow into the damper cell. This equation |
immediately shows the limitations of such single cell damping
systems. Comparisons with experimental results are shown. ~ [jo + 1 (1 +2C
|
[
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Introduction

oL+ L [(1+2C\\ - L )=Vt (4
The wake field effects in accelerator sections for future | - © | (1 v2 )} Ime - (Iostlmez) = Vines - (4)
linear colliders will be reduced either by damping, by detuning
or a combination of both [1, 2]. In the latter case it is foreseen
to employ heavily HOM-damped cells within a stack of
undamped ones. This leads to several problems concerning the fiwL + i(l +L)\ In-—L  Ing=Vn (5)
propagation of energy of the higher order modes under \ iwC Cx/l iwCk
consideration from the undamped cells into the damping - o
system. For example it was not known which is the Q of the boundary conditions [3, 4] (the remaining iris of the left-
single damper cell to be provided in order to achieve maximun@nd the right end cell is closed by a metallic surface). All
damping in a channel of given bandwidth. If the chosen Q-valugircuits are lossfree except for théhell which is loaded by a
of the damper cell is too low for a given bandwidth of a certainesistance R. L and C being the inductance and the capacitance
passband no energy flow will take place from the undampe@f the circuits, G is the coupling capacitancem\corresponds
cells into the damper cell. In this case the damper cell behavé8 a driving voltage in the H circuit due to a antenna or the
like an obstacle and separates a structure into two nearRpirror charges of a passing particle apdd the current in the
undamped parts oscillating independently. If the Q-value of th&t" circuit. In the special case, where the resistance of the
damper cell and the bandwidth of a given passband are welpmper cell is small there are N solutions of the homogeneous
matched the presence of the damper cell introduces an additioriuations (¥, = 0) of the form [4]
phase shift from cell to cell and energy flow can take place. We

will derive a simple equation which shows the correlation n 1y ont (m=1,2,..,N) 6)
between Q-value of the single damper cell, the bandwidth of the 'm = An €OS(n (M 5 ) e _
passband, and the additional phase shift using an equivalent (n=0,1,..,N-1)

circuit model. We will apply this formula to three-, six- and . .
twelve cell constant impedance structures loaded by a singl%.where n is the mode and m the cell numigyis the phase
wall slotted damping cell and will compare these calculations tgMift Per cell which is given by
experiments.
=nnt = - (7)
Theory (ON nN (n=0, 1, ..., N-1)
and
We consider a chain (see Fig. 1) of capacitively coupled
circuits terminated by full end cells. We assume electric o = v
n — 0

1+4C sinz(%) . wo=—L_ (8
b T oo e
@ J_J_@l @ @IJ_J_@ Wh'i(.:h is the dispersion relation for the chain of N
_l_CK _|EK _l_CK _|EK Ck _|EK capacitively coupled resonators (full end cells, elctric boundary
’ —(D——D—— T ‘ conditions).
L L L L L For further steps we need only equation (3) for the damper
Fig. 1 Capacively coupled resonator model loaded by a singl€€!l- Multiplying (3) by the conjugate complex current and
damping cell and with full end cells under electric ©0MmpParing the real parts yields:
boundary conditions.
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This equation is a statement regarding energy flow. The R= 2 sin(Aa) (18)
first term on left hand side is the power dissipated in the damper T Ck
cell, the second term on the left is the power transmitted from

the (m-1)h cell and the (m+1) cell to the rih cell by the or if we divide byl this relation becomes
coupling mechanism. The right hand side resembles the power

fed into the damper cell due to an antenna or a particle passing. 2
In the situation vl?/here there is no drive in the dgmper ceell, weg 1=> %) £ sin@a) = K sin@a) (19)
simply have: Q Ck
R I I = Re ( 1 (It I+ It ) (10) where the bandwidth K is defined by
iwCxk
K=o®n-Wo _,C (20)
For all modes we assume, that the dominant change in the W + Wo Ck

field due to the presence of the damper turns out to be a phase
shift ay,. If we assume that the structure is excited only from

the right end (antenna in the right end cell) we may then write and
for the current term on the right hand side:
W = Wo (21)
* * idm-1 -iom i0m+1 -iom ) .
Inilm+ Imtzlm=an1€  a@ne€  -ana€  ame  (11) Depending on the chosen Q-value of the single cell damper

and the given bandwidth of the passband under consideration we

et to different cases. If the product
The negative sign on the right hand side indicates, thaq ! produ

power is leaving the damper cell by the coupling mechanism.

Introducing QKz1 (22)
_ _ becomes a number larger or equal to one equation (18)
4 -0m =0 - = 12 X ;
Gm-L - Om = Om - Ome1 = A0 (12) provides a proper phase shift between 0- and 90 degrees from
leads to cell to cell.
In this case an energy transport from the undamped cells
iAg a into the damper cell is possible and the damping system works.

* * _'A
Im-alm+ met Im=8n1 @n€  -ane @n€ (13)  Ifthe product

am » am+1. and g, are the unperturbed Amplitudes which QK<1 (23)

are given by (6). Instead of (10) we then have: .
g Y (6) (10)w v becomes a number lower than one, equation (19) does no

2 iAa iAa longer hold, i.e.there exist no phase shift to provide energy
R an = Re (- 1 (8n1 @n€ -an+1 @n€e )) (14)  transport into the damper cell. In this case it is behaving like
1Ck an obstacle. This case corresponds to the situation in which the
o quality factor of the damping cell is chosen too low for a given
In the case of a beam driving the channel there would be aandwidth and the possible group velocities in the passband
equal amplitude in the (m-)and (m+1% cell thus leading to @ which are connected to the phase shift are always too low to
power flow into the damper from both sides. provide energy flow.
Furthermore from equation (19) we recognize that the
2 _ 1 iAa iAa introduced phase shift for a 0-mode in a forward couplin
Ran=Re (i wCk (81 ane +anm ane ) (15) passband ispalways positive and any number between 0- gndQQO
degrees.
Using relationship (14) or (15) one can easily calculate the Let us now consider a more complex example, th@-2
additional phase shift from cell to cell which is introduced bymode. Then we have
the damper cell to provide energy flow from the undamped cells

into the damper cell. The resultant quality factor for the whole
structure can be calculated using

- cos(2™ (m -3 21 (1
an1an=C COS(3 (m 2)) COS(3 (m 2))

N

N * * 2
1 L Iy Iy ani1an=C cos(Z (m +1)) cos (m -1y
Qszwzl s :(%QV: i (16) 3 2 3 2
2 Rilm Im ° lm Im Thus we get
For a specific example, consider 0-mode operation. @ 3 T 1
. . cosE—(m-2)) cos(z— (m+=))
According to equation (6) we have R = Re( 1 ( 3 2 elAu_ 3 2 e—lAu )
an = a1 = an (17) WO cosClm-1)  cos€l (m-1)

and we get



Here the phase shift depends on the position of the damper. TABLE 1

If the damper is located in a position with the maximum Comparison of Measured- and Calculated
field strength we have to use Qg Values
1o 5 (W )2 K sin(aa) (24) structure Qsmeasured Qg-calculated
Q W23 3-cell structure 50 54
6-cell structure 510 480

and in the position of half maximum field strength of the

unperturbed mode we have to use passband which turns out to be of very low bandwidth. K is

) of the order of 1*1& which is of course a very small number.
1-.1 (o K sin@aa) (25) Furthermore the damper cell was located in a position with half
Q 2 wws of the maximum field strength. Thus we have to apply equation
(25). If we take Q=6 equation (25) does no longer hold. No
where energy transport is possible. The structure separates into two
nearly independently oscillating parts which could be confirmed

by experiment.
W2ry3 = Wo 1+ BL (26)
V Ck Conclusion

The negative sign in equations (24) and (25) leads to a Using an equivalent circuit model a formula giving the Q
negative phase shift which lowers the phase shift of ti&-2  of a chain of coupled cells, loaded by a single damper cell, was
mode to an appropriate value, i. e. the phase shift has alwaysderived. The method is easy to use and provides reasonable
be moved in the direction of larger group velocities, we- accurate results. It appears that the idea of introducing a phase
mode, that means for thevd-mode a lower phase shift from shift between cells is successful in describing the behaviour of
cell to cell. The phase shift of thevd-mode can become any a stack of iris cells loaded by a single damper cell. The relation

number between 90- and 120 degrees. obtained shows immediately the properties and limitations of a
) ) ) single cell damping system.
Comparison with experimental results Deviations between experiment and theory are due to the

) ) fact, that the simple equivalent circuit model takes only one

For experimental proof of the theory three-, six- and twelvespace harmonic of the field geometry into account and thus
cell constant impedance structures [5], loaded by a heavilghanges in field geometry are not considered, i.e. the measured
HOM-damped cell, where used. Cell geometry is identical tquality factor Q of the single damper cell which has to be
the DESY/THD-collider prototype. The damping system is ainserted into equations (18), (24) and (25) is different for the O-
wall slotted iris. The slots lead into rectangular waveguidesnode and for the 13-mode because of the changed mode
whose cut off frequency was chosen well above the fundamentgbometry. For example the single cell Q-value of the damper
passband. cell has to be somewhat higher for thtg2mode than for the

We start our comparison with the 0-mode. In this case on@-mode since the strongest field strength for th8-2node is
can use the measured Q-value of the;Ti/pill box mode of  mainly located within the iris whereas the field of the 0-mode is
the single damper cell directly, since the T4 pill box mode  very similar to the TM1g-pillbox mode and thus the coupling

geometry remains nearly the same in a longer structure. to the waveguides is much stronger for the 0-mode.
The Q-value of the TN g-pill box mode of the strongest
wall slotted damper cell which was applied to a three- and a six References
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