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• Extraction losses - quench limit at Q4 and Q5?

• Limits for 2011 operation

• Commissioning strategy for mentioned systems

Evian, 7-9 Dec 10 2Inj/Extr Losses



Losses at injection
Loss reason where

TCDI cutting transverse beam tails loss shower on cold elements: Q6,Q7,Q8,MSI

Uncaptured beam SPS TDI upper jaw with shower on:
TCTVB, MQX, MBX, TCLI

Uncaptured beam LHC TDI lower jaw
TCTVB, MQX, MBX, TCLI

Overinjection TDI lower jaw, 
TCTVB, MQX, MBX,…

MKI failure TDI upper jaw,…
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Uncaptured LHC beam

MKI

TDI



Losses in injection area – B2

Losses for B2 bunch train injections of:
8 – 16 – 24 bunches

Loss peaks in % of 
dump threshold:

Losses from TL shower:
• 5% at Q7

Losses from TDI shower:
• 4% at MBX

Otherwise less than 1%
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23-Oct 10

B2



Losses in injection area – B1
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Losses for B1 bunch train injections of:
8 – 16 – 24 bunches

Loss peaks in % of 
dump threshold:

16b injection (bad inj!):
• 10% at MSIB
• 6% at Q8 and Q5

24b injection:
• 12% at MBX
• 3% at MSIB

23-Oct 10

B1



Losses in injection area – B2 48 b
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Loss peaks in % of 
threshold:

• 24% at Q7
• 8% at TCLIB
• 5% at MKI

Not much time spent 

optimising beams or injection!

18-Nov 10

B2



Losses in injection area – B1 48 b
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Not much time spent 

optimising beams or injection!

Loss peaks in % 
of threshold:

• 23% at MSIB
• 20% at MBX
• 15% at Q8

18-Nov 10

B1



Trying to inject into the AG…no MKI kick

• abort gap keeper 
prevents MKI from firing

• train of 32 bunches is 
directly dumped on 
upper TDI jaw

Comment from Alice: 
• prepared for 288 

bunches impacting on 
TDI

• losses from grazing tests 
on TDI in agreement with 
simulations 

32 bunches onto TDI.4L2
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Expectations on how losses will evolve
• Assumptions on injected beam intensity progression for 2011

– Max 96 or 108b per injection for operation

– Injection Tests with higher intensity – 144b with 50 ns??

– Requirements for ecloud and other studies – 25ns??

• Uncaptured beam in LHC

– Measurements by Philippe, 30th Sept 2010: 

Present dump level at 1e10 per injection (= 3.3e6 p/m)

– Limit was originally assumed to 2.6e8 p/m

– will be a factor ~100 worse for nominal bunch scheme 

• TCDI shower about linear with intensity increase per injection
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Loss type Losses in % of dump threshold B1/B2

8b 16b 24b 48b 96b 144b

TCDI shower 1/2 3/5 4/6 23/24 <50? <75?

Uncaptured beam 4/2 12/3 12/5 20/8 <40? <60?

not optimised



Summary of injection limitations 
and performance ‘reach’

• MKI failure and overinjection
– interlocking and good procedure

• Transverse losses at TCDIs on LHC BLMs
– factor 2 intensity increase for operation in 2011 is feasible

– factor 6 intensity increase per injection for 288 inj bunches needs loss 
reduction

• Uncaptured beam in LHC
– already for 2011 operation probably injection cleaning needed

– factor 100 loss increase for full nominal injection scheme: several 
mitigation techniques needed
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Mitigation techniques

• Overinjection and MKI failure
– Interlocking and good procedure 

• TL showers:
– Local shielding between TCDIs and LHC
– Beam scraping in SPS
– Opening TCDIs  (machine protection, covered in Verena’s talk)
– BLM sunglasses (temporal inhibit of BLM channels)

• Uncaptured beam
– Local shielding after TDI
– Minimisation of capture losses
– Injection and abort gap cleaning
– Carefully monitoring beam quality in injectors (transv. beam size and 

shape, bunch length, satellites)
– BLM sunglasses
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Shielding of TCDIs
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• 3 problematic TCDIs
– TCDIV.29234

– TCDIH.29205

– TCDIH.87904
Shielding with 

concrete and iron



Shielding of TCDIs

Evian, 7-9 Dec 10 13Inj/Extr Losses

TCDIH.87904

MB.A7R8

3 problematic TCDIs
– TCDIV.29234

– TCDIH.29205

– TCDIH.87904



Shielding of TCDIs

• Vittorio Boccone’s simulations and expectation for loss 
reduction on cold elements

– TCDIV.29234   factor 8 gain

– TCDIH.29205  factor 5 gain

– TCDIH.87904   factor 4 gain
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Scraping tails

• Tail scan of 
TCDIV.29012

• Losses normalised to 
intensity

• Non-gaussian tails in 
transverse plane

Scan of TCDIV.29012 gap with 12b 1e11 p+
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Scraping tails

Non-gaussian tails in 
transverse plain
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Scraping in SPS:

deployed and operational

no improvement expected



BLM “sunglasses”
Options considered:

1. Update of all LHC BLMs with new functionality, but only BLMs in injection regions to 
receive triggers  impact on all LHC BLMs

2. Add separate new BLM system with new functionality, keep all old monitors for 
acquisition (increase/disable thresholds at 450 GeV)  additional new BLM system

3. Rearrange/add new BLM system to enter a new BIC with masking capability, with 
masking of interlock signal triggered by pre-pulse  additional new BIC system

4. Reroute affected BLMs to BIC channel, and introduce a timing system triggered blank 
of the signal for these channels only  best compromise – no changes to BLM or BIC 
systems (at FPGA levels)

BIC inputs

BLM system

affected 

monitors

standard 

monitors

time-out switch
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implementation urgent for 

early 2011 – responsible?



Mitigation techniques

• Overinjection and MKI failure
– Interlocking and good procedure 

• TL showers:
– Local shielding between TCDIs and LHC
– Beam scraping in SPS
– Opening TCDIs  (machine protection, covered in Verena’s talk)
– BLM sunglasses

• Uncaptured beam
– Local shielding after TDI
– Minimisation of capture losses
– Injection and abort gap cleaning
– Carefully monitoring beam quality in injectors (transv. beam size and 

shape, bunch length, satellites)
– BLM sunglasses
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TDI shielding

• Simulations by Rob Appleby

• 2m concrete block after TDI

• Loss reduction on triplet BLMs by a factor 3

• On TCTVB only 30% reduction – requires 
probably more sophisticated shielding
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Minimisation of capture losses

• No improvement from injectors expected

• RF voltage reduction as for ions: 

– was found to create significant satellite population

– not planned to be used for p+
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Injection gap cleaning

Bucket 1
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barrier method



Injection gap cleaning

Bucket 1
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barrier method



Injection gap cleaning

Bucket 1
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barrier method



Injection gap cleaning

Bucket 1
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Keep cleaning on as long as possible

Injection part length not important

for 2011 gap instead of barrier cleaning foreseen 

barrier method



Injection/Abort Gap Cleaning
results with barrier method

For later injections losses 
decreased by:

a factor 3 for AGC only

a factor 9 for injection 
and AG cleaning

Commissioning time before 
deployment needed!
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Monitoring beam quality of injectors

• SPS BQM thresholds tightened from 20% to 3-4% (from 
highest SPS bunch)

• 800 MHz diagnostics being improved

• 80 MHz in PS?

• Transverse beam shape  scraping in the SPS – any 
diagnostics to add?

• Fast BLMs being added at LHC injection (and SPS extraction) 
to diagnose source of uncaptured beam loss (LHC or SPS)
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Summary: TL loss shower mitigation

• Shielding:

– results from already shielded area in TI2 – in the noise level

– loss reduction by shielding

• TCDIV.29234 – factor 8

• TCDIH.29205 – factor 5

• TCDIH.87904 – factor 4

• Scraping

– Deployed and operational – no improvement expected

• opening TCDIs 

– Machine protection – covered in Verena’s talk

• BLM sunglasses

– Under discussion – best approach defined
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Summary: Uncaptured beam loss mitigation

• Local shielding after TDI

• Minimisation of capture losses
– no improvement expected

• Injection and abort gap cleaning
– allows injecting many times at loss level of first injection
– not operational  commissioning time needed!

• Carefully monitoring beam quality in injectors
– tighter BQM settings to detect satellites
– add diagnostics for SPS 800 MHz cavity, PS 80 MHz, SPS transverse beam 

shape?
– fast BLMs at SPS extraction/LHC injection

• BLM sunglasses
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Summary loss range for 2011
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Loss type Losses in % of dump threshold B1/B2

8b 16b 24b 48b 96b 144b

TCDI shower 1/2 3/5 4/6 23/24 <50? <75?

Uncaptured beam 4/2 12/3 12/5 20/8 <40? <60?

possible with present 

performance several mitigation 

techniques have to be in 

place (inj cleaning, 

shielding, BLM sunglasses)



Extraction losses

• Asynch dumps at 450 GeV and 3.5 TeV

• Losses at Q4 and Q5 – Quench limit

• Expectation from simulation
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Asynch dump
collision settings
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• collisions in P1 and P5
• 3.5 TeV
• nominal bunches
• beta*:3.4/3.5
• with bump at P6
• 90 s debunching

Loss/threshold:
• Q4: factor 180
• Q5: factor 30

Ratio dump/quench: 1/3



Asynch dump
end of ramp settings
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• end of ramp settings
• 170 urad crossing angle
• 3.5 TeV
• nominal bunches
• beta*:11.0/10.0
• with bump at P6
• 90 s debunching

Loss/threshold:
• Q4: factor 230
• Q5: factor 40
• also MSD losses

Ratio dump/quench: 1/3



Extraction losses summary

• 450 GeV
– low losses, factor 3 (loss/threshold) for Q4, carefully tested with 

different bump heights and frequency offsets, all tests OK

• 3.5 TeV, nominal bunch int, bump in P6
– leakage to TCT.5 ~1e-3

– Losses on Q4 up to factor 230 above threshold

– on Q5: factor 40

– on 19-Sept 10: D4 loss of 5.6e-3 Gy/s

– from simulations expected loss level: 50% of threshold

– BLM readings at Q4 and Q5 dominated by loss shower from outside 
(TCDQ shower)
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Commissioning Strategy - Injection

• Injection set-up
– 2 shifts

• 1st injection protection set-up with validation
– 1 shift for TCDI set-up
– 0.5 shift for TDI/TCLI set-up
– 1 shift for TCDI validation checks
– 0.5 shift for MKI failure validation checks

• Protection Maintainence
– 1 shift every 2-4 weeks for TL steering or TCDI re-centering after trajectory change 

or increased TL loss levels

• Injection cleaning to be operational
– 2 to 3 shifts

• Analysis of regular operational data
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Conclusion

• Limits for 2011
– 96 or 108b per injection for operation 

 looks OK

– Injection Tests with higher intensity or 25 ns spacing 
 depending on TL shower/capture loss mitigation

– Extraction losses on Q4/Q5 

 dominated by shower from TCDQ

• Loss mitigation at injection
– necessary to go beyond operational intensity scope

– potential techniques to further reduce losses need to be 
• commissioned (eg Injection cleaning)

• installed (eg TCDI and TDI shielding) partly available in 2011

• designed (eg BLM sunglasses)
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Injection

Extraction



Extra slides
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Losses in inj area due to …

MKI8%
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Problem due to SPS 800 MHz not locking onto frequency…for many hours
Missing diagnostics…SPS surveillance, and try to get signals from LHCb
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MKI8%
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Injection gap cleaning

Bucket 1
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gap method


