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LHC beam structure

- The max number of bunches that can be injected
into the LHC is directly related to the MKP and MKI
rise time

5 Design values for the SPS batch spacing is 225 ns and for
LHC batch spacing is 900 ns
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Road to reduced batch spacings

— The aim is to reduce the batch
spacing without (measurable) (

emittance growth, large intensity 20«
reduction (due to transverse losses i -
at the TCDlIs or scraper) or losses at 90 3
injection in the LHC 20
. | —40
- The most sensitive bunches are the SR
first injected and the last of the
circulating beam Optimum delay
— Possible optimisations: ﬁirculating
= Fine synchronisation of the individual & e O .
MKP/MK| magnets > . " B
L optimal settings of the MKP/MKI total 2. 0
delay , J —40
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Fine synchronisation of the MKP/MKI

- The overall rise-time depends on the rise-times of each individual
magnet and their synchronisation with respect to the beam passage

- The stability of the wavetorm then depends on the reproducibility of
each individual waveform and on the stability of the time for
conduction of each individual switches

- Hence, health of the switches is a key...

100

S Automatic recovery from drifts and
detection of large jitters - under investigation

g

K / kno

MKPA

+—>

tof = 2.2 ns

600 650 700 750 800 850 900
time / ns

SPS and LHC batch spacing optimisation 6



Fine synchronisation of the MKP/MKI

- The overall rise-time depends on the rise-times of each individual
magnet and their synchronisation with respect to the beam passage

- The stability of the wavetorm then depends on the reproducibility of
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How to measure it - SPS

- The emittance growth is too small to be measured with the wire-scanner
= No screens available at SPS injection

- The idea is then to use LHC-type BPMs (3 of them installed in SPS - LSS5)
which measure the beam position turn-by-turn and bunch-by-bunch

= This permits us to measure the oscillations provoked by the MKP on both injected and
circulating beam
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How to measure it - SPS

- The emittance growth is too small to be measured with the wire-scanner

= No screens available at SPS injection

- The idea is then to use LHC-type BPMs (3 of them installed in SPS - LSS5)
which measure the beam position turn-by-turn and bunch-by-bunch

= This permits us to measure the oscillations provoked by the MKP on both injected and
circulating beam
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Measurements results - SPS

— After fine synchronisation of each individual kicker, the optimal settings for

different batch spacing were measured

- No emittance blow up observed, thanks to great performance of the SPS
transverse damper!
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Measurements results - LHC

- ...a bit more observables (that can be accurately
measured) in the LHC!
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2017 performance in the SPS and LHC

SPS batch spacing in 2017
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2017 performance in the SPS and LHC

SPS batch spacing in 2017

x 1013
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2017 performance in the SPS and LHC
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Effect of different spacing on intensity bbb
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2017 performance in the SPS and LHC

= Also in LHC, no observable effects on

Intensity or emittance as consequence

of reduced SPS and LHC batch spacing ., °°

> Increased injection oscillations were

measured for the affected bunches, but with 900

no impact on emittance or intensity

S To keep in mind that any change in the

transverse damper settings might effect this!
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Peculiarities observed this year

- When moved to trains of

4 PS batches (200 ns),
the last bunch of the 3rad

batch presented

Increased horizontal

and vertical emittance

VERTICAL EMITTANCE

VERTICAL EMITTANCE

 This was solved by | o i nnmunﬁﬂ '

delaying slightly (10 ns)

0000000000000000000000000000000000
BBBBB

|
[ ‘ HISTORY B2 RESCALING B2 1 - Bunch/time B2 Diff
tl |< e MK' juire I onitoring l @Slop e logboo
& 18:45:08 - Camera probably saturated, Saturation Is : true Max pixel value = 2485. Reduce Video Galn and use Filters!

- Still not understood...

— The problem
disappeared “by itselt”
after a few weeks (after

the high intensity run in
the SPS)...
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Outline

- Room for (even more) improvements?
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Room for (even more) improvements?

- To date, the MKP/MKI kicker modules synchronisation was measured using
the current from the TMR (Terminating Magnet Resistor)

- We also have (on all MKls [except the present 8D] and some MKPs)
capacitive pickups on kicker cables at the entrance and exit of the magnets

5 |t was observed (E. Carlier and M. Barnes) discrepancies on the measured waveforms
wrt the TMR measurements

- The measurements at the exit of the magnet show better the end of field rise in that
magnet

S This might bring the possibility to better synchronise each individual kicker with the
beam passage => ~tenns...

S We might be able to then slightly reduce further =>_only and only if measurements

confirm this
TMR current
. . measurement
Capacitive pickups
Dump Dump ——aqRCPS Main Transmlssinm Tennjna on
resistor  switch switch line < resistgr
— Z }—" PFN 7 ——f) Zz H =
(DS) (MS)
T
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Room for (even more) improvements?
BCMS beam

- |f one could go lower
IN batch spacing,
what Is the possible

Tot bunches

gain for the LHC |
performances?
- Filling schemes | |
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Room for (even more) improvements?

BCMS BCS

§ tukp = 200 ns tukp = 200 ns

- Looking also at the other -
possible beams, e.g. BCS (or =] .|\ |3 batches
Pure Batch Compression) =>  £....|
max 2220 bunches L L — o] Lo _

~ tuykr = 800 ns tvkr = 800 ns

- To have a significant £ 2440 |

improvement, one should go §nso- 2430 |

down to 750 ns for the MKl or 175 zizz 2420 |

ns for the MKP => 2252 bunches < __ el

(15% lower than BCMS) §1eso _ _ > _ > _
5 This looks out of reach at the 200 o 8 e /8

moment! R " o scniovabte |

1.3e11 p/b| " aaw”

- 4 patches cannot be g 200 F e
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nominal brightness) => TCDI R S T
attenuation limits (see V.

Vlachodimitropoulos talk)
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Outline

- Summary and conclusions
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Summary and conclusions

- This year, we operated reliably with 200 - 800 ns batch spacing in the SPS and
LHC

S Only one fine synchronisation of the MKPs needed at the beginning of the run

S Transverse damper, in both SPS and LHC, helped significantly

- No beam quality degradation observed in the SPS nor in the LHC
- Both BCMS and 8b4e beams profited from this configuration

> The performance seems to get better during the run...

- Possible improvements are under investigations

> This will need beam time to asses the possible gains following new current waveform
measurements

> The “easiest” improvement seems to be the reduction of the MKI spacing to 775 ns - this will be
investigated at the beginning of the year

> To bear in mind that we are very close to the limits of these systems

- The improvements needed for the BCS beam (175 or 750 ns) are very challenging
and don’t seem feasible at the moment

- We suggest to keep the same spacings (200, 800 ns) for the 2018 run
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Effect of different spacing on intensity bbb

X].Oll 250 NS Xloll 225 ns
1.00 | M MW ., 100} ”umul'""ll'l “WW"-
o
~ _ o)
075 20% D075 20%
2 2
9 0.50 5 050 |
e e
S 0.25 S 025}
0.00 | — | - - Jd o L 000} = | —] | —
0 50 100 150 200 250 0 20 40 60 80 100 120
Bunch # Bunch #
<101t  BCMS 200-800 ns 1011 200 - 800 ns
1.25 |
o SR g e Aoy Wttty PP e
o 1.00} o 1.00}
~ ~ “Ho
—20/0 i 2 0
> 0.75 > 075
+ +
- Z 050 |
C 0.50 S 0.
e S
= 0.25 = 0.25 |
0.00 } - . L — . - — oo sdduLubuddL_JUUULULOUUL
0 100 200 300 0 50 100 150 200
Bunch # Bunch #

SPS and LHC batch spacing optimisation 26



Scheme Injection AGK Inj. sp. Batch sp. Bunches IP1/5 1IP2 IP8 @

Nominal 4x72b 31181 900ns 250ns 2748 2736 2460 2538 /)
Nominal 4x72b 31181 900ns 225ns 2748 2736 2476 2538
Nominal 4x72b 31181 900ns 200ns 2760 2748 2460 2540
Nominal 4x72b 31181 800ns 225ns 2760 2748 2488 2563
Nominal 4x72b 31181 800ns 200ns 2760 2748 2494 2572
Nominal 4x80b 30911 900ns 225ns 2744 2732 2452 2537
Nominal 4x80b 30911 900ns 200ns 2744 2732 2460 2547
Nominal 4x80b 30911 800ns 225ns 2812 2800 2522 2570
Nominal 4x80b 30911 800ns 200ns 2812 2800 2246 2606
BCMS 2x48b 32851 900ns 225ns 2220 2208 1940 2036
BCMS 2x48b 32851 900ns 200ns 2220 2208 1949 2041
BCMS 2x48b 32851 800ns 225ns 2364 2352 2039 2132
BCMS 2x48b 32851 800ns 200ns 2364 2352 2044 2137
BCMS 3x48b 32761 900ns 225ns 2412 2400 2114 2222
BCMS 3x48b 32761 900ns 200ns 2412 2400 2122 2228
BCMS 3x48b 32761 800ns 225ns 2412 2400 2118 2228
BCMS 3x48b 32761 800ns 200ns 2556 2544 2215 2332
BCMS 3x48b 32831 775ns 200ns 2604 2600 2358 2387
BCMS 3x48b 32831 750ns 200ns 2604 2593 2287 2403
BCMS 3x48b 32831 800ns 175ns 2604 2595 2307 2421
BCMS 3x48b 32831 775ns 175ns 2604 2593 2308 2424
BCMS 3x48b 32831 750ns 175ns 2604 2595 2312 2424
BCS 3x32b 33331 800ns 200ns 2220 2208 1864 2006
BCS 3x32b 33331 775ns 200ns 2220 2208 1868 2006
BCS 3x32b 33351 750ns 175ns 2252 2240 1933 2056
BCS 4x32b 32941 800ns 200ns 2348 2336 1981 2118
BCS 4x32b 32941 775ns 200ns 2348 2336 1978 2120
BCS 4x32b 32941 750ns 200ns 2444 2432 2033 2192
BCS 4x32b 32941 750ns 175ns 2444 2432 2051 2208
BCS 5x32b 32551 800ns 200ns 2476 2474 2093 2247
BCS 5x32b 32551 750ns 175ns 2476 2469 2099 2269
8bd4e  2x56b 32751 800ns 200ns 1916 1909 1042 1560
8b4e BCS 4x32b 32461 800ns 200ns 1868 1866 1089 1749
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SPS injection system

12 MKP-S
2xMKPA and MKPC 12 MKP-L

>
Circulating beam
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SPS injection system

- Composed of 4 tanks:

b The first 3 are made with 'S type" magnets (5 + 5 + 2 =12) => 150 ns rise time (from specs), long pulse but weaker than the
L type

5 The last tank is made with "L type" magnets (4) => 225 ns rise time (from specs), short pulse but stronger than the S type

- 8 switches for 4 HV generators => the first 3 power the first 3 tanks and the last powers the 4th tank
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>
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SPS injection system

12 MKP-S
2xMKPA and MKPC 12 MKP-L
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tkmkp
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Circulating beam
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SPS injection system

12 MKP-S
2xMKPA and MKPC 12 MKP-L

>

Circulating beam
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SPS injection system

12 MKP-S
2xMKPA and MKPC
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Optimum total delay

- The aim Is to evenly share the unwanted kick between
the last circulating and the first injected bunch

Too close to circulating beam
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Optimum total delay

- The aim Is to evenly share the unwanted kick between
the last circulating and the first injected bunch

Increasing delay
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Optimum total delay

- The aim Is to evenly share the unwanted kick between
the last circulating and the first injected bunch

Optimum delay
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