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Outline

» Operation achievement in 2011
» Issues and possible limitations

» Studies for future operation (nominal
emittance, 25 ns bunch spacing)
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Losses at Injection and Intensity Limitations

» Loss maxima per injected intensity (Verena’s talk)

2010 | 2011
Losses in % of dump threshold B1/B2
24b 32b 48b 96b 144b
4/6 5/8 23/24 | <50? <757
12/5 16/8 20/8 <40? <607

v

Unsafe beam (> 1x1012 p*) Linear extrapolation for 2011

Loss type
8b

TCDI shower 1/2
Uncaptured beam 4/2

operation, still ok without mitigation

» Possible solutions for higher intensity:
Un-captured beam:
Abort gap and injection cleaning
Improved injectors diagnostics
TDI Shielding (x10 reduction at MQX BLMs)
g BLM sunglasses
Cross-talks from TCDI:
TCDI shielding
TCDI larger aperture
0 BLM sunglasses

© ) Increase BLM thresholds for short running sums
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Losses at Injection and Intensity Limitations

» Loss maxima per injected intensity (Verena’s talk)

2010 | 2011

Loss type Losses in % of dump threshold B1/B2
8b 24b  32b  48b [ 96b 144b
TCDI shower 1/2 4/6 5/8 23/24 | <507 <757

<40? <60°?

v

Unsafe beam (> 1x1012 p*) Linear extrapolation for 2011

Uncaptured beam 4/2 12/5 16/8 20/8

operation, still ok without mitigation

» Possible solutions for higher intensity:
Un-captured beam:
Abort gap and injection cleaning
Improved injectors diagnostics
TDI Shielding (x10 reduction at MQX BLMs)
g BLM sunglasses
Cross-talks from TCDI:
TCDI shielding

Operation
related
intensity
limitations,

no
machine
protection
issue!!

0 TCDI larger aperture Injection with 144 bunches
S BLM sunglasses is now operational !

Increase BLM thresholds for short running sums
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Applied Mitigations

Shielding to reduce crosstalk losses from TCDI installed in TI 2 and TI 8

Shielding A Shielding B
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2011 Operation with 144 bunches

LHC Injection Quality Check

File Mask Help

B1l, max loss
[3] * ReA:Ihcop Beamn 1: % Beam 2: % Last injection: Beam 1

4% dump

2011-06-01 16:38:25.550: Beam injected! BQMs: Injected 144 bunches(228 bunches circulating).

2011-06-01 16:38:25.558: Ring losses are within thresholds.
Monitor name max loss reference thres..dump threshold  filter factor ratio to dum
0.0468 2.3168 1.0000 -
00335 2.3168 1.0000
00418 2.3168 1.0000
0.0138 1.4106 1.0000
00170 2.3168 1.0000
0.0120 2.3168 1.0000
00633 11,4298 8.0000
02074 23,1680 1go.0000
02834 23 1680 10000 -
Max plot 100
Per slot . + +
g et 1+
Per BLM i} . F——— .
5 . | htadnaasttanstaadill | WMIPTRIRALTS
\n
501
@
&
0.01
1 .
240 260 280 300
monitors
Successfull The Gy factor was 3.62E-9
Slot ‘ O‘ZI‘ ‘ Select slot ‘ ‘ find: | ‘ ‘ Get LSA references ‘ | Set references | ‘ Read references from a file | ‘ Write references to file |
| Get last result: B1 H Get last result: B2 ‘ ‘ Stop monitoring: B1 H Stop monitoring: B2 ‘ | Unlatch: B1 H Unlatch: B2 |
[ 18:38:44 - Beam injectedl BOMs: infected 144 bunches{Z28 BURGhES circulaing) ‘

Mini-Chamonix Workshop 07/15/2011



2011 Operation with 144 bunches

LHC Injection Quality Check

File Mask Help

B1l, max loss
[3] * ReA:Ihcop Beamn 1: % Beam 2: % Last injection: Beam 1

4% dump

2011-06-01 16:38:25.550: Beam injected! BQMs: Injected 144 bul

LHC Injection Quality Check

File

Mask Help

2011-06-01 16:38:25.558: Ring losses are within thresholds. : P - Bz max loss
g [ * ReA: Ihcop Beam 1: % Beam 2: % Last InJECtIOI"I: Beam 2 ?
i o,
Monitor name max loss __|refere 2% dump
0.0868
0.0935
0.0418 2011-06-01 16:39:11.150: Beam injected! BOMs: Injected 144 bunches(228 bunches circulating).
0.0138
0.0170
0.0120 2011-06-01 16:39:11.158: Ring losses are within thresholds.
00653 I Monitor name max loss reference thres...dump threshold | filter factor ratio to dum
02074 0.0367 2.3168 1.0000
02834 02502 23,1680 10000
padning 100 0.01339 2.3168 1.0000
e ot 104 et * 0.0321 4,5393 20000
PerBLM | W - * e T : : :
= PEPRERRN B R
& 14+ _— ] + 01300 23,1680 10000
2 01 M _ 01185 23,1680 1.0000
g - 01178 23,1680 10000
) 0.0243 2.3168 1.0000
180 200 220 0.0142 2.3168 1.0000 ~|
Max plnl 100
Perslul . A +
Successfull The Gy factor was 3.62E-9 PerBiM | w 109" i e I
; + ++ |+ Al o ++ EEE R R L L S R R R SR L B bp Fraatt +
o g 3 14
siot [ o[ selectstot | [ ring: || Get 1| . 11 T
a o
. . g +
| Get last result: B1 H Get last result: B2 ‘ Stop m = gl
[y 18:35:44- Beam injectedt BQMs: Injected 144 bunches{Z28 bunches circuiaing) |||”| I I II || el e, 1 |”|||| | Ly Il .
T 1
180 220 260 280
menitors
No reference for BLM. The Gy factor was 3.62E-9
Slot ‘ Ok:l‘ ‘ Select slot ‘ ‘ find: | ‘ ‘ Get LSA references ‘ | Set references | ‘ Read references from a file | ‘ Write references to file |
| Get last result: B1 H Get last result: B2 ‘ ‘ Stop monitoring: B1 || Stop monitoring: B2 ‘ | Unlatch: B1 || Unlatch: B2 |
A, 18:29:29- Bearm injscted! BOMS: Infected 144 bunche {228 Bunches circuiating) ?

Mini-Chamonix Workshop

07/15/2011



2011 Operation with 144 bunches

» Injection degradation for B1 (16t June)

LHC Injection Quality Check x

File Mask Help Bl, max loss
[ * Rex lheop Beam 1: % Beam 2: §/ Last injection: Beam 1 62% dump

2011-06-16 2:38:54.350: Beamn injected! BOMs: Injected 144 bunches(228 bunches circulating). BLM analysis was bad. Bad result for transfer li

2011-06-16 2:38:54.358: Losses on ring BLMs.

Monitor name max loss reference thres... dump threshold| filter factor ratio to dum|
2.8857 46336 80000 =
51345 11.5840 1.0000
11337 2.3168 1.0000
0.6532 1.4106 1.0000
1.0297 2.3168 1.0000
4.2578 11.5840 1.0000
0.8387 2.3168 1.0000
0.7376 2.3168 1.0000
0.7454 2.3168 1.0000 ~
Max plot
Per slot gt + 1, + +
Per BLM | W +
g 1 -
"
s 01
2
e
0.01
180 200 220 240 260 280 300
monitors

Max larger than reference. The Gy factor was 3.62E-9

Slot: | O‘Z" | Select slot | | find: ‘ | | Get LSA references || Set references ‘ | Read references from a file ‘ | Write references to file |
‘ Get last result B1 ‘ | Get last result: B2 | | Stop monitoring: B1 | ‘ Stop monitaring: B2 | | Unlatch: B1 ‘ | Unlatch: B2 ‘
My 02:39:13 - Beam injected! BOMs: Infected 144 bunches(228 bunches clrcwlating). BLM anaivsis was bad, Bad result for transfer fine. I3
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2011 Operation with 144 bunches

LHC Injection Quality Check x

File Mask Help Bl, max loss
[ * Rex lheop Beam 1: % Beam 2: §/ Last injection: Beam 1 62% dump

LHC Injection Quality Check

2011-06-16 2:38:54.350: Beam injected! BOMs: Injected 144 bun)|

File Mask Help

B2, max loss
7% dump

2011-06- 16 2:38:54,358: Losses on ring BLMs. & - rea:incop Beam 1: ¢ Beam 2: ¢ Last injection: Beam 2

Monitor name max loss refere
2,.8857 Injection IR2
£.1345
11337
0.6532
1.0297

2011-06-16 2:34:06.350: Beam injected! BOMs: Injected 144 bunches(228 bunches circulating).

=16 2:32:30.358: Ring losses are within thresholds.

4.2578 . 5
Py Monitor name max loss reference thres... dump threshold| filter factor
- 0.3034 45992 5.0000
07376
00736 23168 1.0000
0.803% 23,1673 1.0000
Max plot
Per slot 06136 23.1680 1.0000
EeHELM g D.0644 23168 1.0000
% 0.0649 23168 1.0000
E 01784 6 3504 1.0000
s
- 0.3803 11.5840 1.0000
00333 1.4106 1.0000
180 200 220 || "Max plot 100
Per slot A s + +
- 1pgeeeTes +
Per BLM w EE T F—
Max larger than reference. The Gy factor was 3.62E- = A B L T T repew I, +
S 14"
= + s +
stou[ o[ selectstor | [ fina: || Get | E 01 N ++ +*
s
‘ Get last result B1 H Get last result: B2 | Stop mi I]":'1'||||||| | ||||| I||| I| ||I| I I I I
1 1 1
By 02:39:13 - Beam injected! BOMs: nfected 144 bunches(225 bunches clrculating). BLM 2naiysis was bad. 18I] 2["] ZZ‘I] 260 Zéﬂ
monitors
Slot: | 0}:“ | Select slot | | find: ‘ | | Get LSA references || Set references ‘ | Read references from a file ‘ | Write references to file |
‘ Get last result B1 H Get last result: B2 | | Stop monitoring: B1 H Stop monitoring: B2 | | Unlatch: B1 H Unlatch: B2 ‘
A 02:34:25 - Ream injected! BOMs: Injected 144 bunches(Z25 bunches circulsting). ’
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Observations on B1

» TL trajectories were not reproducible from shot to shot
=>» different corrections proposed by YASP

» Local variations of trajectory at the location of the TCDI
(end of the line: 29012-29509)

» High loss level at the MSIB already when injecting 12
bunches (5%)

» 500-600 um oscillations coming from the line

» Difficult to correct and to find a good tradeoff between
injection oscillations and losses

Mini-Chamonix Workshop 07/15/2011



Observations on B1

» TL trajectories were not reproducible from shot to shot
=>» different corrections proposed by YASP

» Local variations of trajectory at the location of the TCDI
(end of the line: 29012-29509)

Why is Beam 1 more critical?

1. Flattop of the SPS extraction kicker (MKE)
longer for B1 than for B2 =>» more satellites
from the SPS?

MST septum in extraction channel

High dispersion collimator close to the end of
the line (29205) = more sensitive to any Ap or
wrong SPS harmonic?

4. Higher sensitivity to steering ?

» High loss level atf
bunches (5%)

w N

» 500-600 um osci

» Difficult to corres

injection oscillofll pedicated MD to investigate these options and to

check operation with nominal emittance.
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MD: Effect of longitudinal parameters

Most cases gave low/same losses as reference:
» Bad radial steering

» Satellites from PS

» RF on for all booster rings

» SPS 800 MHz on wrong harmonic

» Radial steering affected the scraping efficiency — but: radial steering can
move the beam at the scraper — increase losses

» Longitudinal parameter changes determine similar increase in losses as
sudden oscillations down the line from MSE ripple.

3001 Losses from sudden oscillation down the line
100
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Losses on TCDIs Losses on TDI, triplet,...ALICE,...up to Q6R2
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»

»

»

MD: Effect of longitudinal parameters

Increased injected bunch length into the SPS: 4.1 & 4.9ns (SPS BQM warning, but no interlock)
=» Observed losses on the TDI/MQX
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Increased Ap/p at extraction: bunch length at extraction: 1.5 - 2.2 ns = Losses on the TCDIs

% ref. losses

Turned off the 800 MHz in SPS = Losses on the TCDIs
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MD: SPS Scraping and Nominal Emittance

No blow up
H scraping (V constant)

Scraping V = 2.2 mm (const)
3

T T I T T I 12
i Emity; —@—
/-\ No em1ttan<.:e cut oo
(only taﬂS) Emity no scraping —@— | 10

2.8
< MSI loss no scraping
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2.6 @ [ 1

R

. ! 2
E U/ ; 16 =
o g
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g Virtuadl scrapér setting 1 44 §
R L O 2
® | {9
@
18 2

i ¢ o

Losses @ MSI ~ 1%

| | | |

-9.2 -9 8.8 -86 -8.4 3.2 -3 -7.8 7.6
Scraper setting H [mm]

1.6
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MD: SPS Scraping and Nominal Emittance

No blow up
H scraping (V co

\

Blow up: Nominal Emittance

3 H scraping (V constant) ] 12
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MD: SPS Scraping and Nominal Emittance

No blow up
H scraping (V co

\

Blow up: Nominal Emittance
3 V scraping (H constant) ]
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Operation with 25 ns Bunches

MD: injection of 24 nominal bunches separated by 25 ns

2.8 um normalized emittance
SPS Scraping ON

Good trajectories without steering (50 ns reference)

Clean injection with low transversal and longitudinal losses

Accumulation of 216 bunches in the LHC, preliminary RF and
damper setup = some emittance blowup to be studied

Slight increase in beam screen temperature (T, ~ 20 K)

Moderate vacuum activity (e-cloud higher intensity?)

MD du 29 juin 2011, injections a 25 ns ¥
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MKI Flashover

» 18/04/2011 MKI D flashover

36 bunches hitting the TDI with 75-90% of the nominal MKI deflection
Nearly all p+ of these 36 bunches impacted TDI/TCLIB = 12 magnets quenched

» Follow-up:

TDI setup, in particular angular alignment (4 m long jaw: 1 mrad tilt = 4 mm
offset), re-checked = improved MP!

TCLIB aperture relaxed by 1.5 to reduce the load of primary protons on Q6
(right downstream) = OK for half nominal injected intensity (validations
required for higher intensity)

Check loss rate at Q6 w.r.t. TCLIB setting =» scale for 288 bunches (MD)

(]
I

9K 43K 43K 42K 45K 43K 43K 19K
i Q7 Q6 Q5 Q4 D2 D1 |]Q2
( /L MOM e o MOY  MBRC MEX DFB‘?MQX
: MOM DABA  MQM/L 1 1 1 o il i
== — | TCLIB (TDI + 340°) [ —J L_f — TCLIA (TDI + 200°) =
' Ll = =1a milinl | :5:
Bl @ Sl Ak AR R :
= |z:z:z.L5 " e am -

S MEOF.QD | IMEES 4.762 5.373
| |aadrcensane ALY 3.4 3.4 4.3
2167 15243 | A567 55.196 7181 22.55 7181 945 53,645 9.45

|

269.415
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Quench Margin at Injection (MD)

With view to better understand BLM thresholds in injection regions.....

» First Method (gentle):

Checked BLM (w TCLIB, Q6 and Q7) and QPS for different TCLIB
settings from nominal (8.3 o) to 1.3 ¢ + offset (full beam on TCLIB).

Repeated measurements for 3 different intensities: 1e10p+, 2e10p+
and 3el0p+

No quench/quenchino observed

» Second Method (aggressive):
Injection of 2e9 p+ with a horizontal bump at Q6 ( 21-23-25 mm)

Losses at 1000% above dump thresholds but
No signal from QPS = Can we increase BLM thresholds?
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Summary and Conclusions

» Nominal operation with 144 bunches reliably achieved (TCDI shielding +
injection and abort gap cleaning)

» B1 seen to be more critical in operation
Periodical re-steering of the TL (with 12 bunches) is needed
Good tradeoff between injection oscillations and losses to define
MD studies to define origin of Beam 1 problems:

go evidence of strong dependence on SPS longitudinal parameters (BQM already “selecting good
eams”)

Nominal settings of SPS scraper provide the best solution to reduce losses without reducing
emittance (orbit control at the scraper, not too high losses at SPS)

Still pending: sensitivity of TI 2 to steering

» MD results:

Injection with nominal emittance does not look like a limit (provided correct
scraping)

Injection with 25 ns does not look like it will be a limit — to check 144 bunches and
more (next MD)

» Possible improvements in case of continued issues:
Maybe needs more frequent setup of TCDIs....each 4-6 weeks?
Relaxed setting of TCDI to 5o (factor of 4 improvement)
Better understanding/increase of BLM thresholds, sunglasses,

Mini-Chamonix Workshop 07/15/2011



