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o e-cloud observations

Electron cloud effects in dipole correctors
o Simulations

o Cell-by-cell observations

Update on coherent motion observations

o Considerations on Fast Beam-lon Instability



B y Outline .

~7_~"

* Test with 50 ns beams:

o e-cloud observations



Test fill with 50 ns
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A fill with 50 ns bunch spacing was performed on Saturday afternoon in order to probe the
impact of the bunch spacing on losses and other observations in 16L2

We aimed at changing only the bunch spacing:

* Used same filling pattern as for production physics fills, replacing each 25-ns train of 48
bunches with a 50-ns train of 24 bunches

* 1284 b/beam. Avg. bunch intensity at 6.5 TeV: 1.07e11 p/bunch
* Used non-BCMS scheme in the PS = gave transverse emittances similar to BCMS 25 ns

* No change in machine settings

The planned set of measurements was performed rather quickly, still the fill was kept 6.7 h in
Stable Beams as beam from the injectors was not available for refill with 25 ns
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Test fill with 50 ns

Electron cloud suppression with 50 ns confirmed by heat load measurements on the

beams-screens

- Consistent with expectations from impedance and synchrotron radiation

- Large differences between sectors observed with 25 ns are not visible with 50 ns
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Y Test fill with 50 ns

S/Z~\ Electron cloud suppression with 50 ns confirmed by heat load measurements on the
beams-screens

- Consistent with expectations from impedance and synchrotron radiation

- Large differences between sectors observed with 25 ns are not visible with 50 ns
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Cell-by-cell comparison

<7 Reduction of normalized heat load is observed in all cells

Normalized distribution

16L2
5 16_13 1 1 T T T T T T T T \I T 1 1 1 1
50 ns Sector 12
PN S22 511 'e L2340 I U U O O Pt 60 R O Y YA (R 9 8 Y AN SO Y O o 1 0t 9 O
5
<
2 3
©
()]
o
T2
N e
£
S 1
0 I\IO")II\ O M~OMOMNOMOMNMNM I\IC")Il\lC’DIP-I("'JII\IC*')INICOIP-ICOINI(OIP-IC’)II\IC")INI("'JII\IC")INIO")IP-ICOINIC"JII\ O MNOMNOMONMNM I\IC")I
S rrrrrrrEEEErErEErErE Y Y Yy Y oy oo oo oo o oo oy e ooy ey
TCOOUORENSO S OO BENENRR B8 ARNNRERIIN22EEROO -
1813 For high load sectors
20— " 1 . _g } ) 50 ns 25ns
| | distributions of normalized Fil 5980 5979
Started on 22 Jul 2017 10:34 21 Jul 2017 15:41
; 3 | heat | n verl
15F i e | "€ oads do not ove ap T_sample [h] 3.00 3.30
: : : : : : : Energy [GeV] 6499 6499
N_bunches (B1/B2) 1284/1284 2556/2556
Intensity (B1/B2) [p] | 1.38e14/1.38e14 2.80e14/2.84e14
Bun.len. (B1/B2) [ns] 1.08/1.09 1.07/1.07
H.L. S12 (avg) [W] 9.72 142.57
H.L. S12 (std) [W] 455 33.44
H.L. exp. imped. [W] 4.33 9.20
H.L. exp. synrad [W] 5.87 12.01
T_nobeam [h] 0.63 2.00

Norm. heat load [W/hc/p+] 1e-13



Cell-by-cell comparison

<7 Reduction of normalized heat load is observed in all cells

Normalized distribution
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Cell-by-cell comparison

<7 Reduction of normalized heat load is observed in all cells
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Instrumented magnets

Observation on instrumented magnets and LSS matching quadrupoles are consistent

Heat loads are reduced and large differences are suppressed

~7__~"
with observations on the arc averages:
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Y Heat loads on the beam-screens at 16L2 and close-by
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Y Heat loads on the beam-screens at 16L2 and close-by
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No anomalous behavior
compared to the other arc half-
cells

* No changes in heat loads
observed when changing the
current in dipole correctors

* No correlation with measured
steady state losses

e Heat load reduction with 50 ns
similar to other half-cells
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B y Outline

* Electron cloud effects in dipole correctors
o Simulations

o Cell-by-cell observations



Effect of the dipole correctors on the cell heat load

Do we expect an effect on the heat load when changing the corrector setting?

- Not really: there is a dependence on the magnetic field, but heat load
values quite low (L. = 68 cm over 50 meter cell length)

corr

! . . SEY
PYyECLOUD simulations max
6 25 ns, 1 beam __:__ Hg 1'23
2800 bunches | 4, 5, 145
~o— 125 —e— 150

1.30 —o— 1.55

Heat Load [W/m]

A. Romano

0 P

10° 10’ 102 10°
Magnetic dipole field [mT]



Impact of correctors on cell-by-cell heat loads

Any correlation between corrector settings and cell heat load?

D)

- Nothing evident when looking at the cell-by-cell patterns...
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Impact of correctors on cell-by-cell heat loads

Correlation plot produced for a fill with only B1 in the machine (~2000b), to avoid
arbitrary assumptions in combining the effect of the two correctors in the same half cells
- no dependence could be identified

Correctors settings at high energy did not change much during Run 2 (see next slide)

- this plot practically also shows the dependence on the integrated current in the MCBs
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Corrector settings 2016 vs 2017

Correctors settings at high energy did not change much during Run 2
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Corrector settings 2016 vs 2017

Correctors settings at high energy did not change much during Run 2
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Outline

Update on coherent motion observations

o Considerations on Fast Beam-lon Instability



Y Coherent motion observations: update

<7 A\ All dumps in the last week has features similar to those described by Elias and Xavier in

the last two LMC meetings:

* Coherent motion is observed after the sharp increase of beam losses in 16L2

right before the dump

* At high energy the dynamics is too fast (10-20 turns) to perform spectral

analysis on the beam motion

We had one dump at injection on Sat 15 July. In that case the beam stayed longer,

allowing to get a better insight on the instability:
— Clear indication of coupled bunch motion

—> Large positive tune shift of the unstable mode
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Coherent motion observations: update

S/~—\  Summary table with main observations:

Fill # Date Cycle phase Beam loss Plane of losses Most unstable plane Motion type # bunches Beam intensity [10713] bunch intensity [10411]
5725 29/05/17 Injection (scrubbing) B1 " \ - 1236 13.4 01.08
5749 05/06/2017 Stable beam B1 \'% v Single bunch, beginning of trains 601 6.18 01.03
5825 13/06/2017 Stable beam B1 \'% v Single bunch, beginning of trains 985 11.73 1.19
5848 20/06/2017 EOF scraping test B1 Hand V v Single bunch, beginning of trains 1741 11.05 0.63
5860 23/06/2017 Squeeze (~ 53 cm) B2 H H Coupled bunch 2317 27.32 1.18
5861 23/06/2017 Squeeze (~ 53 cm) B1 \" H Coupled bunch 2317 26.47 1.14
5864 23/06/2017 Stable beam B2 H H Coupled bunch and beginning of trains 2317 20.54 0.89
5870 25/06/2017 Stable beam B1 " H Coupled bunch 2460 27.13 1.10
5871 25/06/2017 After End Of Squeeze B1 Vv H Coupled bunch 2460 27.48 1.12
5946 14/07/2017 Stable beam B2 H H Single bunch, beginning of trains 1357 15.12 1.14
5951 15/07/2017 Injection physics beam B1 Vv v Coupled bunch 2317 26.25 1.13
5954 16/07/2017 Stable beam B2 H H Coupled bunch 2317 24.24 01.05
5960 18/07/2017 Stable beam B2 H H Single bunch, beginning of trains 2317 22.87 0.99
5965 19/07/2017 Stable beam B1 " - Only BBQ signal 2556 27.7 01.08
5966 19/07/17 Stable beam B2 H H Single bunch, beginning of trains 2556 28.6 1.12
5970 19/07/17 Adjust B1 Vv - Only BBQ signal 2556 29.1 1.14
5971 20/07/117 Stable beam B2 H - Only BBQ signal 2556 29.7 1.16
5974 20/07M17 Stable beam B1 Vv - Only BBQ signal 2556 26.2 01.02
5984 24/0717 EOF 16L2 corrector current test B2 H H Single bunch, beginning of trains 2556 28.2 1.10



Y Fast beam-ion instability?

<7 A\ The presence of localized losses and coherent beam motion suggests that the underlying
mechanism for the beam oscillation could be a Fast Beam-lon Instability (FBII)

Coupled-bunch (FBII), typically encountered in electron machines due to ion trapping
- Not expected with positively charged beams due to the repulsion of the ions
However (first calculations by L. Mether and G. Rumolo
presented at LBOC 82):

e Simulations show that for high enough density
(1e13 ion/m3) ions can drive an instability even
with protons

For a kinetic energy of 50 eV
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* The presence of electron cloud in the chamber
could enhance the ionization mechanism and
change the dynamics (trapping?)

i
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o This can be quantitatively assessed only with
simulations of the full three-stream system (beam-
electrons-ions) = requires some development
work...
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* Involved ions and electrons have energies in the

- their motion can be strongly influenced by
“weak” magnetic fields (as those introduced
by the MCBs)


https://indico.cern.ch/event/650384/

Summary and conclusions

In the 50 ns fill performed on Sat 22 Jul, the expected e-cloud suppression was
clearly visible on the heat loads in all twin-bore magnets in the machine

o No particular behavior is observed at 16L2 and neighboring cells

o In particular there is no correlation of heat load with beam losses when
changing the current in the MCBs

o It would be desirable to perform a scan during a 25 ns fill with same number
of bunches and bunch intensity to have a clear comparison (e.g. if at some
we need an intermediate intensity fill for MP reasons)

The contribution of the corrector magnets to the heat load per half cell is
expected to be small

o No evident correlation is found between cell-by-cell heat loads and corrector
settings

As observed before, coherent beam motion was present right before all dumps
o Too fast at high energy to allow for a meaningful spectral analysis

o Inthe case of the dump at 450 GeV the beam stayed for a longer time after
becoming unstable = observed clear coupled bunch motion, large positive
tune shift

o First simulations show that a Fast Beam lon Instability (FBII) could be a
possible driving mechanism for the coherent motion (for large enough ion
density) 2 some development work needed to make quantitative estimates



Thanks for your attention!
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Fill 5979
(21 Jul 2017)

25 ns, 2556b/beam, 6.5 TeV



Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)

Sector 12, 48 cells, recalc. values

300

b p
o o o
o Vo] o

N ~ Al

[ou/m] peo| jesH

Bl B2

AH 2L
HA 2121
AH 2I€L
HA 2%
AH 2151
HA 2191
AH 2121
HA 2781
AH 2761
HA 2102
AH 2112
HA 2122
AH 21ge
HA 212
AH 2152
HA 2192
AH 2.2
HA 2182
AH 2162
HA Z710€
AH 21le
HA ¢21zg
AH 21ge

AH LYge
HA LYZe
AH 1¥1E
HA Ldog
AH LY62
HA 1482
AH 1¥.2
HA 1492
AH 1¥S2
HA Ldve
AH 1H€2
HA LH2e
AH Ldle
HA L0z
AH LY6L
HA LYl
AH 1Y)
HA 1Y9L
AH LYGL
HA LYvL

AH_LYEL
HA_ LYzl
, : , , ; AH LHlLL
I I i ! I
o (=] 9] o o) o
(Y] N - -

[v] (*sge) yuaiino J0y0a10)



Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)

Sector 23, 48 cells, recalc. values
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Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)

Sector 34, 48 cells, recalc. values
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Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)
Sector 45, 48 cells, recalc. values
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Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)
Sector 56, 48 cells, recalc. values
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Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)
Sector 67, 48 cells, recalc. values
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Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)
Sector 78, 48 cells, recalc. values
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Fill. 5979 started on Fre, 21 Jul 2017 15:41:25(t=3.30h)

Sector 81, 48 cells, recalc. values
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Instrumented quadrupoles
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Consistent with observations on the arc averages:

Heat loads are reduced and large differences are suppressed

Fill. 5979 started on Fri, 21 Jul 2017 15:41:25
special_HC_Q1 (Recalculated data - no_dP)
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Fill. 5980 started on Sat, 22 Jul 2017 10:34:30
special_HC_Q1 {Recalculated data - no_dP)
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y Stand alone quadrupoles: Q5s

7 Consistent with observations on the arc averages:

* Heat loads are reduced and large differences are suppressed
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Stand alone quadrupoles: Qb6s

7 Consistent with observations on the arc averages:

* Heat loads are reduced and large differences are suppressed

Fill. 5979 started on Fri, 21 Jul 2017 15:41:25 Fill. 5980 started on Sat, 22 Jul 2017 10:34:30
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30 191?!1 ; 30 1e1;4 | ;
o5 Lo ~ 6 * 25 ' B 16
= : 15> = 5 15>
@ : 1 4= @ : 1 4=

0.0 e 0 0.0 - i 0

1 1 2 3 4 5
80
= =
3 3
B =
@ [4F]
I I
—_ _ 1 2 3 4 5
-;5_- ! ,TC_L 40 19!—13
Sas5| = |
Sosf - S
S . 8
£ 00 b= £ 00 ——1" [~ e
= 1 2 1 2 3 4 5

Time [h]



Fill. 5979 started on Fri, 21 Jul 2017 15:41 Fill. 5980 started on Sat, 22 Jul 2017 10:34:30
Arcs (Recalculated data - no_dP) Arcs (Recalculated data - no_dP)
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Fill. 5979 started on Fri, 21 Jul 2017 15:41:25 Fill. 5980 started on Sat, 22 Jul 2017 10:34:30
InnerTriplets_IR15 (Recalculated data - no_dP) InnerTriplets_IR15 (Recalculated data - no_dP)
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Fill. 5979 started on Fri, 21 Jul 2017 15:41:25
InnerTriplets_IR28 (Recalculated data - no_dP)
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Beam intensity [p]
SO =2=2NMNWW
[N Nolé Nelé) Noldy

MCB curreent [A]
dAhbonvio

BLM signal

© oo oo
o N B~ O 0

200
150

100

Heat load [W/hc]

15L2
16L.2
1712




Beam intensity [p]
SO~ =2NNwWW
[N Nolé Nelé) Noldy

oON PO

MCB curreent [A]

= 15L2
16L.2
— 172

Heat load [W/hc]

a\
ot
(A\q"\ 5’()\{2:),



Beam intensity [p]
SO =_2=2NMNwW
[N N oNéNoNd Naldé)

MCB curreent [A]
dAhbonvio

BLM sign

Heat load [W/hc]

15L2
16L.2
1712




Normalized distribution
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Norm. heat load [W/hc/p+]

2.0

Cell-by-cell comparison

1e-13

Reduction of normalized heat load is observed in all cells

50 né

L 250 s B B B R R R R R RS R R B

Sector 4

Started on 22 Jul 2017 10:34 | 21 Jul 2017 15:41
T_sample [h] 3.00 3.30
Energy [GeV] 6499 6499

N_bunches (B1/B2) 1284/1284 2556/2556
Intensity (B1/B2) [p] | 1.38e14/1.38e14 2.80e14/2.84e14
Bun.len. (B1/B2) [ns] 1.08/1.09 1.07/1.07
H.L. S45 (avg) [W] 16.41 72.33
H.L. 845 (std) [W] 5.02 27.61
H.L. exp. imped. [W] 4.33 9.20
H.L. exp. synrad [W] 5.87 12.01
T_nobeam [h] 0.63 2.00




Normalized distribution
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Cell-by-cell comparison
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Reduction of normalized heat load is observed in all cells
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Sector 5

Fill 5980 5979
Started on 22 Jul 2017 10:34 | 21 Jul 2017 15:41
T_sample [h] 3.00 3.30
Energy [GeV] 6499 6499
N_bunches (B1/B2) 1284/1284 2556/2556
Intensity (B1/B2) [p] | 1.38e14/1.38e14 2.80e14/2.84e14
Bun.len. (B1/B2) [ns] 1.08/1.09 1.07/1.07
H.L. 856 (avg) [W] 12.72 77.28
H.L. 856 (std) [W] 3.09 26.28
H.L. exp. imped. [W] 4.33 9.20
H.L. exp. synrad [W] 5.87 12.01
T_nobeam [h] 0.63 2.00




Normalized distribution

Cell-by-cell comparison
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Reduction of normalized heat load is observed in all cells
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Fill 5980 5979
Started on 22 Jul 2017 10:34 | 21 Jul 2017 15:41
T_sample [h] 3.00 3.30
Energy [GeV] 6499 6499
N_bunches (B1/B2) 1284/1284 2556/2556
Intensity (B1/B2) [p] | 1.38e14/1.38e14 2.80e14/2.84e14
Bun.len. (B1/B2) [ns] 1.08/1.09 1.07/1.07
H.L. S67 (avg) [W] 15.45 72.41
H.L. S67 (std) [W] 4.08 24.02
H.L. exp. imped. [W] 4.33 9.20
H.L. exp. synrad [W] 5.87 12.01
T_nobeam [h] 0.63 2.00




Cell-by-cell comparison

<7 Reduction of normalized heat load is observed in all cells

Normalized distribution
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Normalized distribution

Cell-by-cell comparison

<7 Reduction of normalized heat load is observed in all cells
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Started on 22 Jul 2017 10:34 | 21 Jul 2017 15:41
T_sample [h] 3.00 3.30
Energy [GeV] 6499 6499
N_bunches (B1/B2) 1284/1284 2556/2556
Intensity (B1/B2) [p] | 1.38e14/1.38e14 2.80e14/2.84e14
Bun.len. (B1/B2) [ns] 1.08/1.09 1.07/1.07
H.L. 881 (avg) [W] 14.55 139.15
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H.L. exp. synrad [W] 5.87 12.01
T_nobeam [h] 0.63 2.00




Observations of Coherent Motion

Clear coupled bunch coherent motion in B1V was
observed for fill 5951 at injection energy on Saturday
July 15t from ADT Post Mortem.

30-40 turns of large signal amplitude allows basic tune
analysis to be performed.

Tune shift is seen when comparing bunch by bunch
tunes before and after the instability.

Position for bunches 1000, 1001 and 1002, last 72 turns, Post Mortem data
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Observations of Coherent Motion

Clear coupled bunch coherent motion in B1V was
observed for fill 5951 at injection energy on Saturday
July 15t from ADT Post Mortem.

30-40 turns of large signal amplitude allows basic tune
analysis to be performed.

Tune shift is seen when comparing bunch by bunch
tunes before and after the instability.

Position for bunches 1000, 1001 and 1002, last 72 turns, Post Mortem data
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Clear tune shift is seen which is on

the order of 3Qs. To be
understood.




Observations of Coherent Motion

Weak coherent motion observed in dumps at flat top for Fill: 5966, B2, Post Mortem, Turn before dump 100

both beams, with usually a single bunch pattern (head 2ol Horizontal
of trains). Coupled bunch motion observed in some T 10| ]
cases. — R o R R
Data from the ADTObsBox show few turns (~20) with g -10f ]
increasing oscillation amplitude - Spectral analysis is —20} . . | .
more difficult | | Vertical
This behaviour is typical among most high energy _
dumps. 5 13’ |
C O R A N TR SRR e SO
o
E =10} 4
- We could try to probe the instability mechanism 20/
with dedicated studies at injection energy (assuming 0 500 1000 1500 2000 2500 3000 3500

that an instability can be triggered within a reasonable Bunch Slot

time).



