Answers to Jeff and Liling concerning the

simulations of trapped modes of the SLAC Phase 2
collimator, and news on impedance for the Phase 1
and 2 at CERN

F. Caspers, A. Grudiev and E. Metral

Reminder on the trapped modes simulations performed in 2003 by A.

Grudiev for a LHC Phase 1 secondary collimator (http://cdsweb.cern.ch/
record/911962/files/ab-note-2005-042.pdf)

Trapped modes of the SLAC Phase 2 collimator: Answers & comments on
the talk by Liling at the last LCWG held on 01/03/2010 (and data sent)

News on the impedance for the Phase 2 at CERN

News on the impedance for the Phase 1 at CERN (or in fact for the
rest of the machine)

Status of the answers to our actions => Assess (1) when (beam
intensity) transverse dampers have to be used, and (2) at which
beam energy the octupoles have to be switched on

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the LHC Phase 1 secondary collimator (1/8)
Simulations performed in 2003 by A. Grudiev for a LHC secondary

collimator (http://cdsweb.cern.ch/record/911962/files/ab-
note-2005-042.pdf)

Abstract

The results of simulation of trapped modes in LHC (phase 1) secondary collimators are presented. Both
monopole and dipole modes have been analyzed giving estimates of the longitudinal and transverse
impedances for different values of the collimator gap. The comparison with available measurement data
shows good agreement. It has been found that a monopole mode at 1.25 GHz gives the main contribution to
the longitudinal impedance resulting mainly in heat deposition in the region of sliding RF finger. Estimated
maximum losses are 65 mW per finger for nominal LHC beam intensity. Several dipole modes which give
non-negligible contribution to the transverse impedance at frequencies below 2 GHz have been found and

analyzed.

CONCLUSIONS

Longitudinal and transverse impedances of the collimator trapped modes have been calculated.
The longitudinal impedance results mainly in heating of the collimator. The estimated heating
power for the nominal LHC beam i*for the dominant trapped mode. The maximum power
per RF finger is 65 mW, which can be doubled in the case of disappearance of the silver-coating.
Damping of the dominant monopole mode is possible by placing absorbing material in the region
of RF fingers to beam pipe transition. The transverse impedance of the trapped modes is of the
order of the resistive wall transverse impedance &in the frequency range 1.6 GHz to
2 GHz.
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HFSS and GdFidL used
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Trapped modes of the LHC Phase 1 secondary collimator (3/8)
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Trapped modes of the LHC Phase 1 secondary collimator (4/8)

LHC Collimator Trapped Mode Measurement

= Collimator closed, Trace508
—— Collimator open, Trace504 :

Meas. by F. Caspers
and T. Kroyer
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Trapped modes of the LHC Phase 1 secondary collimator (5/8)

TABLE 1. Parameters of two dominant monopole modes.

Parameter name Monopole mode 1 Monopole mode 2
Frequency: f [GHZ] 0.6 1.25

Quality factor: O 136 890
Shunt impedance: 7; [Linac-Q] 13.6 2380
Loss factor: & [V/nC] 0.13 52
Power losses: Pj,s [W] 2.3 13

Divide by 2
for rings!
In the paper from AG, it was proposed to add ferrite to reduce the RF
finger heating (as there was a maximum power dissipation in the RF
finger which was given at that time)

As we were not sure with AG if the ferrite was really installed, |
checked with O. Aberle on 05/03/2010: “there are no Ferrites on the
single beam LHC collimators (TCP, TCS, TCT), only on the two-beam
design collimators TCTVB and TCLIA
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Trapped modes of the LHC Phase 1 secondary collimator (6/8)
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FIGURE 8. Transverse impedance of dipole modes is presented for gap of 5 mm. Different types of modes are
shown (see text).
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Trapped modes of the LHC Phase 1 secondary collimator (7/8)

TABLE 2. Parameters of the dominant dipole modes for S mm gap and for 2.5 mm gap.

# f. [GHz]

o

ry [Linac€2/mmj

k, [V/nC/mm]

Smm

2.5mm

Smm

2.5mm

Smm

2.5mm

Smm

2.5mm

0.605
1.226
1.228
1.295
1.306
1.595
1.611
1.636
1.672
1.717
1.772
1.835
1.906
1.983

0.607
1.237
1.238
1.297
1.311
1.591
1.606
1.632
1.668
1.714
1.769
1.834
1.906
1.986

140
930
960
810
570
172
171
170
169
168
167
165
164
164

140
940
990
830
600
88
88
87
86
86
85
34
83
83

6.7
151.7
352.5
184.5

2.0

59.6
0.06
398.2
254.1
121.5
875.9
565.6
10.3
288.2

6.7
114.6
582.4
218.3
0.65
86.35
8.13
660.2
229.3
366.3
1342.8
619.6
6.4
618.3

0.045
0.313
0.708
0.464
0.007
0.868
0.001
6.019
3.949
1.951
14.60
0.881
0.188
5.474

0.046
0.237
1.144
0.536
0.002
2.452
0.233
19.45
6.985
11.47
43.90
21.25
0.23
23.24

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the LHC Phase 1 secondary collimator (8/8)
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FIGURE 12. Transverse impedance versus frequency of the dipole modes reconstructed from the parameters
calculated using HFSS (blue) and calculated using GdfidL (red) is presented for 5 mm gap. Green line shows
frequency dependence of the form-factor of a Gaussian bunch of 80 mm RMS length.
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Trapped modes of the SLAC Phase 2 collimator (1/11)

longitudinal trapped modes in the
SLAC rotatable collimator design

See talk by Liling at the last [ -
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LCWG held on 01/03/2010

Longitudinal trapped
modes => Gap =2 mm
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Trapped modes of the SLAC Phase 2 collimator (2/11)

longitudinal trapped modes in the current 1.3926E+89 2.2880E+03
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Trapped modes of the SLAC Phase 2 collimator (3/11)

Resonant Heating from Trapped Modes

Resonant power losses are due to the excitation of these trapped
modes. Assuming all bunches are in phase with them and mode
decay is lower from bunch to bunch (T >>T,):

R 2 2,2
P=IZE(§)ie—aﬁG /c *Qi7

I=q/T,=0.5824
P(cir.) =65W
P(rec.) =6.5W
P(part —cir.) =38W

Seems to be quite similar to
what AG obtained (13 W for
the 2"d most critical mode)

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the SLAC Phase 2 collimator (4/11)

Transverse trapped modes in the current
collimator design for the SPS testing
Jaws are fully inserted with gap=2Zmm

Transverse trapped modes
=> Gap =2 mm

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010
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Trapped modes of the SLAC Phase 2 collimator (5/11)

Two Jaw Gaps — Transverse Modes

~ v,|” ~ V.| /(ry ¥/ )?
B aolU B awolU

Transverse Trapped Modes' RIQ_T Transverse Trapped Modes' Q

1.E+07 4100
* Jaw gap=2mm ¢ Jaw gap=2mm

+
1.E+06 o Jaw qan=60mm 3600 - @ Jaw gap=60mm
16405 =

1.E+04
1.E+03
1.E+02 8 2100

3100

2600

1.E+01 1600
1.E+00
1.E-01
1.E-02

1.E-03 100 '

5.0E+07 3.0E+08 5 5E+08 8.0E+08 1.1E+09 5.E+07 3.E+08 6.E+08 8.E+08 1.E+09
F (Hz) F (Hz)

(ohm/collimator)

1100

600 f%5—%

R/IQ_T

The transverse modes have strong R/Q_T for fully inserted jaws than for fully
retracted jaws.

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the SLAC Phase 2 collimator (6/11)

Transverse trapped modes stability criterion for the LHC at top
energy (from Landau octupoles) => http://cdsweb.cern.ch/record/
1208149/files/CERN-ATS-2009-035.pdf

Effect of the transverse
betatron function

N, % /;w” x R, <<1 GQ/m
avg

Number of collimators

=> Should aim to values smaller than few MQ/m

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the SLAC Phase 2 collimator (7/11)

Example of computations performed in the past for the trapped
modes from the TCTV

COUPLED-BUNCH INSTABILITY AT LHC TOP
ENERGY FOR THE TCTV (TRAPPED MODES)
ALONE

E. Métral

¢ AG computed the impedance of transverse modes in the TCTV
(W jaw) for a (full) gap of 3 mm

¢ There are few of them

¢ The 2 most critical trapped modes are

f,=0362GHzO, =1700@R,, =152.8 MQ/m
f, =0443GHz O, =1080@R , =173.8 MQ/m

Elias Métral, RLC meeting, 10/02/06

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the SLAC Phase 2 collimator (8/11)

Coupled-bunch instability growth-rates vs. coupled-bunch mode n

If the frequency of the 2"d resonator is exactly on a
betatron line (0.442 GHz instead of 0.443 GHz)

Instability growth —rate [s']

6t Most critical mode
| n _=3390

500 1000 1500 2000 2500 3000

M=3564 O0,=0 m=0
nelo,M-1] ©,=5932

Elias Métral, RLC meeting, 10/02/06
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Trapped modes of the SLAC Phase 2 collimator (9/11)

Tune shift and stability diagram

Elias Métral, RLC meeting, 10/02/06

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the SLAC Phase 2 collimator (10/11)

Email sent to Jeff and Liling on 05/03/2010

Hi Jeff (and Liling),

Unfortunately we could not discuss it during the last impedance meeting on Wednesday as we had many other topics to discussed (also with some external visitors). However, yesterday we looked at your results
together with Alexej Grudiev (AG made the simulations of the trapped modes in the past for our secondary collimators => The results are summarized in the paper Fritz sent you) and my plan was to prepare few
slides today or Monday where I would like to summarize our comments, comparing what you obtained with your Phase 2 collimator to what we obtained for our current secondary collimator. In 2 words:

1) For the longitudinal plane:

Your R/Q seems to increase when the gap is increased, as also found by AG in the past.

The critical modes are in the transition region.

AG found the 2 most critical modes at 0.6 GHz and 1.25 GHz. You have much lower frequencies for the trapped modes due to the fact that your cut-off frequency is O (due to your coaxial line structure). It would be
a good idea to close the volume around the 2 copper cylinders, as this would raise the cut-off frequency significantly and remove a lot of modes. But we can imagine that this might be difficult due to the 2
movements of the cylinders which are required in your design.

AG found a power loss of 13 W for the 2nd mode and you find values of W or few tens of W. Therefore, these seem to be quite similar results.

However, we had a concern at that time with the heating of the RF fingers, which could melt (we had an estimate on the maximum power dissipation in the RF finger). This is why it was decided to damp the modes
by putting ferrite. In your case, do you know where the power will go? Do you also have in this area (transition region) any limit of power dissipation?

Damping the 2nd mode by ferrite, the Qvalue went down from 890 to 17 in our case.

Action for me: I would like to check that the ferrite was really put on the current secondary collimator!

Question for you: There seems to be an inconsistency between the values we found in page 10 of your talk and the table you sent me. Looking roughly at the figures, we found a factor ~ 1000 for the R of the 1st
mode. If we are not mistaken we found ~ 0.1 Ohm from the plot and ~100 Ohms from the table you sent. The unit in page 10 is may be kOhm instead of Ohm?

2) For the transverse plane:

You found a lot of modes as AG and you also found that the most critical modes are for the smaller gap of 2 mm (as AG).

Most critical modes are the transition and gap ones => The transition modes are more critical due to the lower frequency.

We found value of Rt ~ 0.1 MOhm/m (in some frequency range), which was considered to be OK for the SPS and the LHC => See below more explanations for the LHC.

According to page 22 (and which seems to be in good agreement with the table you sent me), you found a Rt larger than 1 GOhm/m which is much too big. Isn't there also a possible issue of unit here?
If not, this value is much too big and you should damp it fore sure.
In the LHC at top energy, the limit for you is the following: Ncoll ¥ (betaL / betaA) ¥ Rt << 1 GOhm/m, where Ncoll is the number of collimators, betaL is the transverse betatron function at the collimator, betaA is
the transverse average betatron function and Rt is the transverse shunt impedance of your collimator. The sign << means much smaller, which means here ~ 2 orders of magnitude (to have a contribution of only at
the 1% level of the maximum values). Therefore, to summarize you should aim to Ncoll ¥ (betal / betaA) ¥ Rt of not more than few MOhm/m.

As I'said, I would like to summarize (precisely, to avoid any misunderstanding) our results on few slides, which I would like to send you at the beginning of next week. I will also explain them in detail during the
next Collimation Working Group meeting on Monday 15/03/2010.

Please tell me if this is fine with you and many thanks for all your help and these nice simulations!

Cheers, Elias.

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




Trapped modes of the SLAC Phase 2 collimator (11/11)

Email sent to Jeff and Liling on 10/03/2010

Hi Jeff,
As you mentioned Gianluigi, I put him in cc if he wants to add something.

Concerning the dimensions:

1) The dimensions of the current CERN collimator (full H x V) are: 66 mm x 80 mm.
2) For your SLAC collimator, they should be (full H x V): 60 mm x 60 (or 80 ) mm.

Concerning the position: At the moment, the idea 1s to put the SLAC collimator in sextant 5 in position 51732 (see
http://emetral. web.cern.ch/emetral/CCinS/5thMeeting 16-12-09/PositionOf TheCrabCavitvAndTheSPScollimators 2.

According to me, in normal operation the beam should always remain very close to the beam centre as there are no (injection
or extraction) bumps in this area. The bumps are in sextants 2,4 and 6.

Please do not hesitate if you need more info from us and thanks for all!
Let's discuss more on Monday.
Cheers, Elas.

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010



News on the impedance for the Phase 2 at CERN (1/6)

Reminder from the “Conceptual Design Review LHC Phase II
Collimation”, CERN, 2009, (http://indico.cern.ch/getFile.py/access?
contribld=7&resld=1&materialld=slides&confld=55195):

1st ROUTE: COPPER SECONDARY COLLIMATORS
For Phase 2,

17 collimators are —> 2 advantages: Closer to stability limit (better

added to the 44 of for coupled-bunch instability) + reduce the

Phase 1 (with gaps imaginary Broad-Band impedance (better for
TMCI)

TCSM.513.81 . Phase 2
TCSM.4R3.B1

TCSM.A5R3.B1

TCSM.B5R3.B1 Phase 1
TCSM.A6L7.B1 (nominal gaps)
TCSM.B5L7.B1

TCSM.A5L7.B1

TCSM.D4L7.B1

TCSM.B4L7.B1

TCSM.A4L7.B1

TCSM.A4R7.B1

TCSM.B5R7.B1

TCSM.D5R7.B1

TCSM.E5R7.B1

TCSM.6R7.B1

TCRYO.AR7.B1 p
TCRYO.BR7.81 Re (AQ )/ 10

Elias Métral, Conceptual Design Review LHC Phase IT Collimation, CERN, 02-03/04/2009
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News on the impedance for the Phase 2 at CERN (2/6)

2"d ROUTE: SECONDARY COLLIMATORS MADE OF CERAMICS?

LONGITUDINAL

10-5 _IIII_IIIII _
1 100 104 108

Frequency (Hz)

—

— “
i
Jr—
—
——
A

= 2.5 cm ceramic + vacuum

Real part - full

2.5 cm graphite + vacuum

Imaginary part > dashed ._ 2.5cm copper + vacuum

10 um copper coating + 2.5 cm ceramic + vacuum

Elias Métral, Conceptual Design Review LHC Phase IT Collimation, CERN, 02-03/04/2009

Frequency (Hz)

14/17
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News on the impedance for the Phase 2 at CERN (3/6)

REMINDER ON SINGLE-BUNCH INSTABILITIES (1/2)

LOSS OF LANDAU DAMPING FOR THE LONGITUDINAL DIPOLE MODE

Reminder: In the LHC Design Report (Vol. 1, chap. 5) the effective
Broad-Band impedance was estimated to ~ 0.1 Q for the squeezed
optics — If the imaginary part of the longitudinal impedance is
increased (too much) then one could be limited by this mechanism. To
be followed-up with Elena Chapochnikova

Elias Métral, Conceptual Design Review LHC Phase IT Collimation, CERN, 02-03/04/2009
Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




News on the impedance for the Phase 2 at CERN (4/6)

REMINDER ON SINGLE-BUNCH INSTABILITIES (2/2)

TMCI FOR THE TRANSVERSE PLANE

s S

Im (Zfﬂ )<Im (Zf,ﬁr) :%
| - » €1,

=134 MQ/m !

Reminder: The effective Broad-Band impedance is estimated to
~ 30 MQ/m for the squeezed optics. If the imaginary part of the
transverse impedance is increased (too much) then one could be

limited by TMCI

Elias Métral, Conceptual Design Review LHC Phase II Collimation, CERN, 02-03/04/2009
Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




News on the impedance for the Phase 2 at CERN (5/6)

¢ Recent results from B. Salvant (https://impedance.web.cern.ch/
impedance/documents/TMCI1%20for%20LHC%20collimators.ppt:
Ongoing work => Preliminary) => To be continued by B. Salvant +
H. Day

Example of TMCI for a Phase 1 graphite collimator (gap=6
sigma) in IR7

TMCI between modes 0 and -1

Instability threshold at ~10'* p/b

0 50000 100000 150000 200000 250000 300000
Nb (10° p/b)

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




News on the impedance for the Phase 2 at CERN (6/6)

permittivity=5 - second layer =vacuum

Current situation
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News on the impedance for the Phase 1 at CERN
(or in fact for the rest of the machine) (1/4)

=> See https://impedance.web.cern.ch/impedance/documents/
PossiblelssuesWithTheLHCBeamScreens.pdf

Exact length, transverse dimensions and betatron functions of the
different beam screens

+ Will be updated soon with Nicolas (with inputs from N. Kos and M.
Giovannozzi) => Within a factor ~ 2, it should be OK and the usual
conclusion of a stability reached for ~ 50% remains the same

®* Reminder: R/Q ~ 70 m and the “real” average transverse betas
are larger by a factor ~ 1.3 at injection and ~ 2 at top energy (re-

checked by Nicolas)
With B,, =2 x R/Q /’

2 is an upper limit!

for beam screen
and warm beam
pipe |
45% of nominal

With B,, = R/Q for intensity
beam screen and
warm beam pipe

Re(AQ)/10°*
Elias Métral, Impedance Meeting, 25/02/2010
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News on the impedance for the Phase 1 at CERN
(or in fact for the rest of the machine) (2/4)

Effect of the longitudinal weld in the beam screen => The effect for
the longitudinal impedance (and associated power loss) was re-
discussed for the LHC IR Upgrade Phase 1: https://
impedance.web.cern.ch/impedance/LHC/
PumpingSlots AnswersToNicolaasKos Final.pdf

The transverse plane was not discussed much in the past and it is re-

investigated in detail => Carlo Zannini is performing some EM
simulation

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




News on the impedance for the Phase 1 at CERN
(or in fact for the rest of the machine) (3/4)

CURRENT BEAM SCREEN (1/14)

LHC design as it is
built and installed

In dipoles, also called
baffles, to avoid direct e
path along magnetic field
lines to the cold bore
(which would then add
to the heat load

~  Longitunal weld

Elias Métral, 02/02/2010
Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010




News on the impedance for the Phase 1 at CERN
(or in fact for the rest of the machine) (4/4)

Effect of the longitudinal weld on the horizontal plane (4/4)

¢ Carlo is performing some EM simulations (see next talk) => If the
effect is too big, then the Landau octupoles will not be enough in the
horizontal plane even without any collimators! => lllustration shown
below but with data of the vertical plane... To be redone properly for
the horizontal plane (should be close, except for the effect of the
weld)

: If the weld leads to an
_-- increase of the
impedance by more
Rise tlme of 7 than ~ 50%, there will
be a loss of Landau
damping, even

without any
collimator!

1
1
1

.6
4
2
1]
¥
i
T
2

' Factor
(without 2in

- resistive part of betatron
collimators) / function

~Im(AQ)/10*

e L L 2

, ) -4
Re (AQ) /10
Elias Métral, Impedance Meeting, 25/02/2010
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STATUS OF THE ANSWERS TO OUR ACTIONS

Assess when (beam intensity) transverse dampers have to be used

Still to be assessed, but it is a difficult question as it depends on the
natural damping (and therefore the natural nonlinearities)...

In the SPS for instance (which is a very linear machine), the
transverse dampers need to be set up after 12 bunches spaced by 25
ns! Reminder: There are 924 possible (25 ns) buckets in the SPS and
4 x 72 = 288 bunches will be sent at maximum in 1 batch to the LHC

Our current plan is to estimate the number of bunches in the LHC

which yields a similar instability rise-time as the one of the SPS when
it starts to be unstable => Waiting to have a better model of the LHC
(with the correct beam screens and welds): Ongoing (N. Mounet)

Assess at which beam energy the octupoles have to be switched on

At the moment (see also the conclusion of my talk at the “Conceptual
Design Review LHC Phase Il Collimation”), the idea is to use the
octupoles only at top energy in case of problem with the transverse
dampers (transverse emittance blow-up induced by too much noise)

Elias Métral, LHC Collimation Working Group Meeting, 15/03/2010 31/31




