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Linear Colliders

* Synchrotron radiation (P, o« E*/R?)

— limitation in energy for e*e- circular accelerators
*Luminosity LecdN,/dt

)2 5 P, - beam power
b E E_ - CM energy
> for flat beams L OC 5E - beamstrahlung
E E g,, - vertical normalized
cn Yin emittance
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The TESLA cavity

*1 mlong, 9-cell * superconducting (Nb, 2 K)
1.3 GHz > low losses, high efficiency
» gradients achieved : > 23.4 MV/m (design)

* standing waves . .
> high luminosity (3.4-10%* cm2s1)
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Accelerating mode

- . e - bl S
o\‘_q_‘—-&f \..,p_-._p“k*‘_*_
= =i =0 P G
i e -
.,g--ﬂ—ﬂ-—v‘ -"#-'i*—o-—h.‘.-.i—-u—"lh
- -

- - . . S .

e e A me g g L . L e

gy b AR gy i, e P A e g

R e . TSI i L NP

e T . e e

.ﬁ'_u-_....,_d,,..‘_q._-u-. A g -

S R I el o e o e e

- - -
i \‘—*—h‘—-““—ﬂ—q— &
i e P D a— &
T e O -
- .’_Aw_b - X
—dm i o ‘
k-1
o

L S

# . o . w %

Electric field profile on the axis:
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phase advance per cell:

monopole mode



Wake fields




Higher Order Modes (HOMs)

°The long range wake field = 2. resonant fields (HOMS)
*Transverse dipole wake field:

S5 B Cc . é’ @, 4/ >
WL (é/) - Z;'@wilsm@gj exp[— <Q3<j Echglz/l iIndex

loss factor frequency guality factor
2
V R 4k w, W,
kJ_l = ‘ l‘ > N (—] -1 Ql = }; l
4 W, a @) } @, loss/
(for dipole modes) - _ 20,

 Calculated with the help of simulation programs (MAFIA, URMEL)



Higher Order Modes

Monopole mode
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Dipole mode
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HOM damping

* Extract mode energy =
> reduce Q
» reduce damping time r="=

* with HOM couplers

capacitive
coupling

=|1C5\|f

capacitor of notch filter




Trapped modes

input coupler mmmmmm HOM coupler

- - - - - - - - - - - - - - - 4
HOM coupler WWUUU

A
Radial electric field
near axis
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» most difficult to damp




Dipole modes
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Dispersion diagram

Modes with highest R/Q
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Transverse long range wake field
for TESLA cavities

Obtained with dipole modes with highest R/Q measured on TTF
cavities; averaged over 36 cavities with 0.1 % frequency spread
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TESLA main linac

Cryo-module power Klystron
couplers ¢
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Multi-bunch beam dynamics

* Steady state achieved after about 7 % of beam
* Multi-bunch emittance growth Ae/e, =~ 5% (negligible)

(g, = 3-10® m-rad)

Bunch train

Multi-bunch emittance

1.6E-09

1.4E-09 -

@ 12809 ---

E. 10800 ]
é\ i
z |
& 8OE-10 |
(@]

S 6.0E-10 -
= ]

> ]
< 4.0E-10 |5

2.0E-10

,,,,,,,,,,,,,,,,

0.0E+00 +—

Linac [km]



High-Q mode

*High-Q mode Iin the 3rd dipole passband excited
resonantly by a beam with modulated intensity
> w,/2r=2.584 GHz, (R/Q), = 23.8 Q/cm2, O, = 10°

no HOM resonance HOM resonance

mamnees |




Beam dynamics with high-Q mode

*1 cavity in each cryo-module — high Q mode in 3rd
passband:

— average Ac/g, > 50% = stronger damping is needed
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Cause of insufficient damping of mode

in the 3rd dipole passband

* Effective absorption of the HOM couplers

M2 —

o[l ¢ = 158°

50
[ R
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L [mm]

= field minima at both couplers for 2 angles < high Q



Excitation of single modes

bunch harmonics
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BPM difference signal

*change with @4 are comparable to the fluctuations in
beam charge and position

°rejection of sum signal in difference signal

modulated charge
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BPM filtered signal

A Amplitude
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Modulation frequency scan
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Spectrum from HOM couplers
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Polarization angle

* Signal amplitude at coupler pc;llariz?tion
Irection
A(ox,0y =0) c ox-cosp; A(ox =0,0y) c oy -Sing by \
A(S¢ =0, 57) Y
ox = é_‘y p— tanp = oy A
A(5x1 @/ — O) )
OX X
,,,,,, o 27=1.874 GHz / cavity 1
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R/Q

*Kick amplitude:  Ax'_ =c—dx,(q,f, = ([RJQJ COS ¢
£ w, \\ ¢ 1 /

polarization angle

°*For w,/27=1.874 GHz [ cavity 1:
Ax =1.8 mm = Ax’ = 200 wrad = (R/Q),cose = 3.3 Q/cm?

= (R/Q), = 9.3 Q/cm? + 3 Q/cm? (simulations: 8.7 Q/cm?)



Conclusions

*HOMSs in accelerating structures for TESLA

°*Beam dynamics in the TESLA main linac
» ok for modes of 1st + 2nd dipole passbands
» mode in 3rd passband needs better damping in all cavities
> high-Q induced by boundaries imposed by neighboring
cavities
* Method to study modes individually
» modes excited and identified — 5th dipole passband
> polarization direction was measured
» R/Q estimated with good agreement with simulations

* Correction techniques will minimize HOM effects
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