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Higher Order Modes Measurements
with Beam at the TTF Linac




TTF Measurements

A collective effort including most of Saclay, Orsay and DESY
TTF physicists :
S. Fartoukh, G. Devanz, C. Magne, M. Jablonka,
H.W. Glock, N. Baboi, M. Huening, G. Kreps, M. Liepe,
S. Schreiber, H. Weise, M. Wendt ..............

1) TTF Modules : HOMs below cut-off

2) Resonant Excitation : Experimental Methods
3) Results and Analysis for Dipole Passbands
4) Interpretation for the 3rd Dipole Passband
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TTF : Superconducting Modules

Five 8-cavity modules assembled , three modules tested in TTF linac
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TTF : The 3 Measured Modules

Module 1
Cavity D3 S8 [ *S10 | D1 D2 | *SI11 D4 57
Power coupler | FNAL | DESY | DESY | FNAL | FNAL | DESY | FNAL | FNAL
HOM couplers | DESY [ Saclay | Saclay | DESY | DESY | Saclay | DESY | Saclay
Module 2
Cavity 22 | C21 C25 C23 [*A15 | C26 | C27 C24
Power coupler | FNAL | FNAL | FNAL | ENAL | ENAL | FNAL | FNAL | FNAL
HOM couplers | Saclay | Saclay | Saclay | Saclay | DESY | Saclay | Saclay | Saclay
Module 3
Cavity DIT | S32 [ S29 | S30 | D39 [ D40 [FS28 | D&2
Power coupler | DESY | DESY | DESY | DESY | AC AC DESY AC
HOM couplers | DESY | DESY | DESY | DESY | DESY | DESY | DESY | DESY

* Cavities with high-0, 2.585 MHz mode




Monopole HOMs

* Monopole HOMs (m=0 , TMOxx ) have a major impact
on power dissipation in the HOM coupler (~ 30 W/ module)

* They have a negligible influence on longitudinal dynamics :

— HOM induced multi-bunch energy spread ~ 2x109,
smaller than the spread induced by RF-stabilisation

 Transverse effect through tilted cavities not yet taken into account.



The Dipole Passbands

Frequency [GHz]

| | | | The TDR Model
3.5
5 tth di Bulc |‘|asﬂmml " /: % E @/ 27 [GHZ] (R/@l [Q/cm2] QI
) (measurement) | (simulation) | (measurement)
g 1% dipole passband
1) 1.6506 0.76 7.0-10°
= 1.6991 11.21 5.0-10*
=3 1.7252 15.51 2.010°
gQ 1.7545 2.16 2.0-10°
1.7831 1.75 7.510°
v 2" dipole passband
1.7949 0.77 1.0-10°
o 1.8342 0.46 5.0-10°
é 1.8509 0.39 2.510°
= 1.8643 6.54 5.0-10°
@ 1.8731 8.69 7.0-10°
O 1.8795 1.72 1.010°
B Ist dipole passband | (:D 3rd dip°|e paSSband
1.5 = (measured since 1998 HOM experiments)
FM 2.5630 1.05 1.010°
2.5704 0.50 1.010°
25751 23.80 5.0-10°
.I | | | | |

0 mi6 w3 mi2 2mi3 Smie m
FPhase advance per cell



Emittance Growths :

the TDR Situation

With the list of HOMs
from the TDR,
both the single bunch
and the multi bunch
emittance growths are small:

88y/8y < 4%

Assumptions :
- 1 MHz frequency spread
- 0.5 mm RMS cavity
misalignments
- 15t bunch steered through
all quadrupole centres
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Emittance Growths : 2.590 MHz mode

3rd passband 2.590 GHz HOM +« |

(R/IQ=235Q/cm?,Q =10,
One mode / 8 cavities )
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— Multi-bunch emittance
Envg = 0.018 mm-'mrd

(on 50 seed average) - :

= Single-bunch emittance
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Mean = 1.2123158E-02 um

— RME = 1.107320E-02 pm
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TMO11 : HOM Frequency Spread
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TE111 : HOM Frequency Spread
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Resonant Excitation : Experimental
Methods

» Resonance HOM / Beam by :
1. Cavity detuning : f,,,, shifted to m/_, . harmonics
= [pean < tuning range ~ 1 MHz

2. Beam charge modulation f__; — tuneable side-bands

fHOM — meeam :I:fmod
—> Brilloin zone [0, /... ] as large as possible

fmod fmod bunch harmonics

<«——><—>
Modulated charge A A/Sidebands\.

AAMAA 7T

uuuuuuuuuuu m:f‘b (m+1).f‘b



» Dipole HOM excitation:

Wake Potentials :

W5 oc R/Q x v ™ x cos m(0,— 09y ) — HOM Pick
Up

W, oc R/Q x rymr, ™1 xm cos m(0y—0,,5,,) = BPM

1 11 vl /7
wideband BPM
32 MeV

e 16McV  dogleg magnet  8-cavity TTF module (2 MV/m)

.|||||.||“L_ﬁ
Pidd iy i vy

spectrum analyser () « HOM couplers spectrum analyser C___ )

TTF dogleg magnet operates only 1in x-plane : ox =+ 2cm
monopole m=0:P,,, c OxY, dxgpy = O
dipole m=1:Pyy o Ox?, dxgpy € OX
quadrupole m =2 : P, 5 < Ox*, dxgpy € OX3



High-O HOM 1n the 3rd Passband

HOM : f=2.585GHz, O =10°
measured with 216 MHz Injector #1 in Module 1, in 1998.

BPM Signal

off resonance

216 MHz beam

with 15 MHz modulation | | 125 us beating due to 8 kHz off resonance




High-O HOM 1n the 3rd Passband

Frequency fi;oy.» damping O and "m=1" are easily measured.
Coupling R/Q 1s not: requires beam parameters and polarisation

HOM at HOM Pickup Signal
2.585GHz| |Beamat2.6 GHz| |Decay time = Q= 10°

MR -0D. 03B
10 a8 2. 8000

frequency domain time domain



High-O HOM 1n the 3rd Passband

HOM : f=2.585 GHz, O =4 x10°
measured with 1 MHz Injector #2 1n Module 2, in 1999.

-

s N 2 2% 2-99
T ATTEMN 1043 - MKR —25.33dBm S 2%
RL OdBm 100dB ./ 2. 5839517CH= il
CEkR
‘l l I I DB e
5 |
/753 5% W] — 2576 x(1.3 GHZ/1296)
MK R ' .
> shaodir gr= beam harmonics
Pl —=2s[. 33 |aBm
=
1 = 2584.5 MHz
20 bunches Jrom
- Af ~ 50 000 tuner steps
CEMTER 2.5840000GH= SPAN S00.OkH=

RBW 3 .0kH= V3w . Ok »SWRP 200sec



Results and Analysis
for the Dipole Passbands

» The 34 Dipole Passband :

The 2585 MHz 1dentified as the highest frequency HOM
w1th1n the 3fd dmole passband : NOT A SURPRISE !

27‘[ mode at ~ 2><1.3 GHz, synchronous w1th e beam
= R/Q =24 Q/cm?, the highest dipole coupling.

QUESTIONS : why the bad damping , O > 10> ?
why only 1n 2 out of 8 cavities ?
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Goal : Prove or dis-prove the existence of long-lived HOMs,
particularly in the 5% dipole passband.

Three Methods : ( fand O measured with beam)

1. Measure R/Q from beam excitation in the BPM : no way,
most BPM signals are triggered by quadrupole modes !

2. Identify the position of measured modes 1n the passband :
very difficult, because the measured passband is a forest !

3. Measure R/Q from beam excitation in the HOM couplers :
main unknowns are the polarisations Ki/ HOM / x-plane
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Benchmarking with TM110-8 (@ 1887 MHz

— 2001.3.13_04:24:15-cavity1-coupleri-1.886919750E9Hz

-10.0 —— 2001.3.13_04:24:36-cavity1-coupler1-1.886919750E9Hz -
2001.3.13_04:25:31-cavity2-coupler1-1.886919750E9Hz

—— 2001.3.13_04:26:55-cavity3-coupler1-1.886919750E9Hz

-30.0 H | 2001.3.13_04:27:11-cavity4-coupler1-1.886919750E9Hz  _
al _ 2001.3.13_04:27:45-cavity5-coupler1-1.886919750E9Hz
1 |\ 2001.3.13_04:28:03-cavity6-coupler1-1.886919750E9Hz
\ ——— 2001.3.13_04:28:17-cavity7-coupleri-1.886919750E9Hz
= -50.0 | 2001.3.13_04:29:09-cavity8-coupler1-1.886919750E9Hz |
o) : l \ -
e . :
g 700 | Q =3810° ]
8 | “«%
v | A | ‘ﬁ( |ll ﬁ
'90.0 T ! M | N 1
2 ol b
-110.0 .
4300 . R/Q=0.16 Q/cm?, from URMEL |
Mode measured 1n all 8 cavities with N.A.
-150.0 . 1 . ' - ' -
0.0000 0.0010 0.0020 0.0030 0.0040

time [s]



TooZ 9 A0ET 82 320 144

[=n] auiy
QOpT O0ZT ooaT Qog o9 Qop 00g 0
i ﬁMAH . onm @Q@ 1 op1-
—(d)s09o : Surunssy {oor-
- 00T~
2
- 0g- .m
H
i 09- &
z
op-
- 0Z-
o 0
ZHY 216" Rouanbadd UoTETHROL
[s] swn
o000 0€00°0 0200°0 0L00°0 0000°0
T T T T T T T Oom J.=
(JorenUANE gPOT + S9[qed) Wwoy
= 1 0'0Et-
V'S @ uonenuole gp ¢¢
- 1 00k}
PO !
b %,E_.,__ it ke i ____ﬁ:_ﬁ,_??& A LR i 006
N _
. k| __.
- | # 0'0Z-
. ZH630S5.616988" L-148|dn02-8A)IABO-60:62:¥0 €1°€ 1002 _ 0°0S-
ZH630G.6 16988 |- 118|dnoo-LANAeD-£ 118270 EL°E' 1002 —— i
- ZH630S.616988" | -119|dN00-9A1ARO-£0:82:40 €1 1002 __
ZH6305.616988" L -1 19|dN00-GANABD-Gp:L2:%0 E1°€ L00Z @ -
"~ ZH630G/616988" |-149|dN00-pANARD-| |1 /210 €1°E 1002 1 0°0¢e-
ZH630G.6 16988 |- 112|dN00-gAlABO-GG:9Z:70 £1°E'1L002 ——
ZH630G.6 16988 |- 110|dnoo-gANAed-LE:G2:P0 €1°E 1002
- ZHA30G.616988" |-142/dN00- LANABD-9E:1$2:#0 £1'€ L002 — 1 001-
ZHEI05.616988" |-18|dN00-LANNBO-GLipZ:p0 EL'EL00E —— |

[wgp] Jlemod NOH



1002 ¥S-L2:St 81 100 Ny_L
[zHW] Aousnbaiy uonenpopy
1’6 S0'6 6 G6'8 68 8’8 8'8
__ __ __ _ _ e

[wgp] as|nd jo pua @ Jamod Indino WOH

ZHN 26°988 1 8pow g Ajaeo

asuodsar A11ABD 90UBUOSAI JJ()

| M0[9q ZHA € INOQe /D) UT 9pOul [IIM
“ZHY 00€ 1n0qe Aq
peaids a1e (8D°9D-1D) ur 8-01 1AL sepour ay ],



[PUBLS 02plA Y] UDY] LdMO] YINUL 4O
A2Y31Y 711G b 2G ULD ADIIP Y] JO 1ADIS Y | <=
N sayoung Jo rqunu uo spuddap

(1pz)dxe g = d
Kitaed Aydwd o) Jo Aeoap [enuauodxad oy |,

PU028S0JOIL
009 00S 00v 00€ 00¢ 00} 0

[wap] WOH d

i - 01
abeiane wapi
N_us_ 968'9881 @ 8ABD
i z '@ = Aouanbai4 uone|npo
ZHI 0269881 @ 2AeD qz €168 _ - uone|np _2_ ;

(OxO/D):N="d
ZHIN +S @) TeusIs AJ1Aed Papeo] 9y |




TM110-5 vs. TM110-8

TM110-5 @ 1874 MHz . [ . _
RIO = 8.7 Qenr?, .
O =1.14x10°

— Avgpy = 1.75 mm o 1

8.79 8.79

l’ll -1
Tt M

TM110-8 @ 1887 MHz =7 - =

£8.76

R/O=0.16 Q/cm?,

28.74
(=

0 =3.85x103

8.72

— Avxgpy=0.085mm

£8.76
C
58.75
38.74
(=R
lg.73
8.72
8.71

JJl]JlJllIJllJIlJlJ]IIJ]llJlJll]IIlL

_III|III|III|III|II||III|III|III|III{_

=EEEENN IIJ|III|JII|IIJ|I

| 1 | | 1 | 1 | | 1 | | | | | | | | 1 | 1
10000 20000 -0.33 -0.328 -0.326
bunch number x—angle [mrad]

C)Illlllllillll



TM110-5 @ 1887 MHz

Prediction Modulation freguency 21.091 MHz
q'(:' ] ] ] ] ] ] I
CL ——
L —
L3 —
20 Ld —— ]
(fﬁr__ ce ——
0 g — |

=20 rhp

HOM power [dBm]

=100

=120

f-spread-=:560 kHz for polar #1
850 kHz for polar #2

=140 '
0 200

Lime [usl

Fri Oct 26 1541 =15 2001

1200 1400



5% Dipole Passband Trapped Mode

Prediction for : /=3068 MHz , R/Q=1.1 Q/cm?, O =3.4 107
in cavity C7, as a function of the modulation frequency

15 T T T T
: e signal @ end of pulse —+—
' & i maximum signal ---x---
10
5

HOM power [dBm]
(&)

-10

-156

-20

o5 L ; a
19.286 19.288 19.29 19.292 19.294 19.296 19.298 19.3 19.302 19.304

modulation frequency [MHz]
Mon Oct 29 13:01:36 2001



Conclusions for Higher Passbands

» No signal (~ 0 dBm =1 mW) of strong HOM
with low damping (R/O > 1 Q/cm?- O > 109)

» But, no decisive proof that such modes do not exist.

Possible explanations for low power signal :
( ~40 dBm instead of ~ 0 dBm):

RO Y 1Q/cm? = HOM is harmless

* Vertical polarisation
» Signal 1s off resonance : |f4,— fps| > 100 kHz

 Last bunch generates low field across gap



Necessary Improvements

» Improve BPM resolution (complement with strip-line)
» Offset beam horizontally and vertically
» Check linearity for dipole modes

» Measure direct pick-up signal of HOM couplers
 dependence on offset
 dependence on coupler
 dependence on modulation frequency

» Measure HOM power for well understood monopole
modes, and compare to prediction

» Vary number of bunches by one unit.

— A complete frequency scan will be very long



Interpretation of the
31 Dipole Passband Puzzle

A recent (preliminary) calculation by M. Dohlus (DESY)
might elucidate the problem of the 34 dipole passband.

It combines S-parameter and
MAFIA type of calculations,  Desy  sacray
a method also developed

at the UY of Rostock. 4 1 |

It 1s based on the real

geometry of Inputand/' __
HOM couplers. - ‘o >
o 4



» It predicts the correct passband pattern and HOM damping

120 MHz ”
3rd passband ) !‘ ﬂ r ”
s
@ LWL
STOP 2.576 08B2 477 GHz -¥
C46 measurement lj”
Example of cavity |
with Saclay HOM couplers =~ [ s




» It predicts:
e the correct pairing of polarisations,

with high and low HOM damping
e the correct shape of s12 through HOM couplers K1-K2

() s12 vs. f
ﬁ — DESY
F ’f \\ 1l
, / ™ ,/:1(— \ --- Saclay
A P4l )
s \ 1
s / Y \

dBisl 2
e
z‘f




» It predicts "module modes" extending over the entire
module, 1n the case of homogeneous HOM coupler type.

0.0 , [
2.575794 GHz (3rd dipole passband)

-20.0

cavity #1 Q = 2.910° i
——— cavity #2
cavity #3
cavity #4
cavity #5 .
cavity #6
cavity #7
cavity #8

-40.0 |

Power (dBm)

-60.0

-80.0

100.0
0.0000
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» It predicts a practical solution for reducing O < 10°

cavity

cavity
r

mirra

DESY type RN
HOM coupler /}

le+07 g

canvity
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8
ST .
[ One coupler is

/ "mirrored"

[e G F-s
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F S0kHz ———
L 100kH 7
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Ovs. O
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» Polarisation pattern may not be completely understood

| Mode: 2.5906 GHz /cavity 7

- e { fffffffffffffffffffffffffffffffffffffff Vab - ] 77777777
= | |
A -
S &N
< ; }
{{§{ Hal %i{‘ 1
: ¢ z : :

7777777777 o 75?7{;g””””v”””f”}l }{”””””T””””’
‘ "0;“§§i‘ |

-3 -2,5 -2 -1,5 -1 -0,5 0 0,5 1

Steerer 7INJ1 [A]

Example of S28 cavity (module 3) with DESY HOM couplers
showing a vertically polarized HOM at 2590.6 MHz with O = 6.5 10° :

» vertical polarisation —> DESY coupler
* f(low O) <f(highQO) — Saclay coupler



Conclusions

LESSONS

» HOM above cut-off may not be contained in a single cavity :
— single cavity R/Q is not relevant, because field pattern is changed
— module R/Q not useful for (m=1) modes because orbit not constant.

» Although used for fand O, beam measurements MUST be used
for measuring beam coupling R/Q and polarisation @.

— requires qualitative improvement in experimental set-up.

CONCLUSIONS
»The puzzle of 3 dipole passband might be explained and cured.

»No evidence for dangerous HOM in the other passbands although
high-Q modes exists, especially in the 5 passband



	Table of Contents
	Higher Order Modes Measurements with Beam at the TTF Linac

