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Outline

● Status of the LHC impedance model Vs measurements.

● Possible explanation for the LHC model discrepancy Vs measurements:
- Finite length of collimators
- Geometrical impedance contribution
- Aging of collimators

● HL-LHC impedance reduction strategy:
- Mo/MoC jaws
- TCT low frequency mode
- TDI re-design

● Conclusions and outlook



  

Measurements Vs Model

Observations:
● Factor ~3 discrepancy between measured and simulated tune shifts Vs intensity at 450 GeV.
● Factor ~2 discrepancy between measured and simulated tune shifts Vs intensity at 4TeV.

Possible explanations:
1. Effects of finite length on collimator impedance model.
2. Collimator geometrical impedance contribution.
3. Effect of radiation on jaws conductivity during the years.

Courtesy of N.Mounet



  

Measurements Vs Model

Possible explanations:
1. Effects of finite length on collimator impedance model.
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“What is the effect of finite length on impedance Vs the 2D infinite length approximation?”
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Measurements Vs Model

Possible explanations:
1. Effects of finite length on collimator impedance model.
2. Collimator geometrical impedance contribution.
3. Effect of radiation on jaws conductivity during the years.

In other words: 
“What is the effect of finite length on impedance Vs the 2D infinite length approximation?”

We applied the Mode Matching method in order to 
solve the related EM problem:

1) Decompose EM fields in sub-volumes.

2) Match opportunely the EM fields at the surfaces in 
between.

3) Compute ratio between the impedance of finite 
length Vs the infinite length approximated one.
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Measurements Vs Model

Possible explanations:
1. Effects of finite length on collimator impedance model.
2. Collimator geometrical impedance contribution.
3. Effect of radiation on jaws conductivity during the years.

In other words: 
“What is the effect of finite length on impedance Vs the 2D infinite length approximation?”

Example of dipolar impedance of a carbon 
collimator (resistivity=1e-6): 

● Relative increase of the low frequency reactive 
impedance only for very narrow lengths.

● Negligible effect for long devices (meters).

Negligible for the LHC collimators



  

Measurements Vs Model

Possible explanations:
1. Effects of finite length on collimator impedance model.
2. Collimator geometrical impedance contribution.
3. Effect of radiation on jaws conductivity during the years.

Geometrical flat transitions accounted 
with G.Stupakov formula:

Results:
● Strong impact for CFC collimators 

above 8mm half gap..
● Strong impact for W (tungsten) 

collimators all over the gap range.

Upto 20-30% at 1 GHz!
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Measurements Vs Model

Possible explanations:
1. Effects of finite length on collimator impedance model.
2. Collimator geometrical impedance contribution.
3. Effect of radiation on jaws conductivity during the years.

● The primary and secondary collimators are more exposed to radiation.
● Studied the effect of “aging” the CFC in TCP and TCSG increasing the resistivity by a factor:

Example of TCSExample of TCP

Strong impact. Confirmation is needed through updated conductivity measurements. 



  

Molybdenum jaws

HL-LHC impedance reduction strategy:
1. New Molybdenum jaws in IP3 and IP7 → Impedance reduced of order of magnitude!

Possible different material scenarios:
1. MoC: Molybdenum Carbon only.
2. Mo: Molybdenum only.
3. Mo coating on CFC.
4. MoC on CFC.

Studied the HL-LHC impedance model with 15 cm round optics.



  

Molybdenum jaws

HL-LHC impedance reduction strategy:
1. New Molybdenum jaws in IP3 and IP7 → Impedance reduced of order of magnitude!

Possible different impedance reduction scenarios:
1. MoC: Molybdenum Carbon only.
2. Mo: Molybdenum only.
3. Mo coating on CFC.
4. Mo coating on MoC.

Studied the HL-LHC impedance model with 15 cm round optics.

TCSG in IP3

TCSG in IP7
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TCT – TCSG.4R6 trapped mode

Present TCT-TCSG in IP6  design:
1. Potentially harmful low frequency modes.

Impedance bench measurements:
1. Confirm the presence of the mode.
2. Parallel simulations will disentangle the nature of the mode (longitudinal Vs transverse)
3. For the moment good agreement between simulation and measurements (Zt Vs gap)
4. More simulations in collaboration with INFN-LNF will be soon available.

Single wire measurement Vs CST

First trapped mode at ~100 MHz
with Ferrite



  

New TDI design

Present TDI design:
1. Heating issues.
2. Presence of many harmful trapped modes.

Impedance bench measurements:
1. Confirmed the presence of the low frequency modes.

Long term: Device re-design from scratch:
1. Iterations with the collimation and INFN-LNF group to take into account:

- mechanical feasibility (number of modules, transition geometry, gaps, etc..)
- impedance compatibility (transition + jaw material)

Short term: post-LS1 mitigation:
1. Change of the beam screen from copper to stainless steel → more robustness.
2. 1um Ti + 2um Cu coating → power loss reduction.



  

Conclusions and next steps

Update on the HL-LHC impedance model:

1. Finite length: crosschecked the impact of the infinite length approximation with the rigorous 
application of the Mode Matching → negligible impact on collimator impedance.

2. Geometrical impedance: high impact on tungsten jaws and on CFC ones for h.g > 8mm. 
3. Aging of collimators: could explain why we have higher measured impedance. We would need 

measurements of conductivity Vs dose or some estimation.
4. Mo-MoC scenarios: updated alternatives for full Mo, MoC replacement of CFC jaws and 

coatings.
5. TCT mode: potentially harmful mode also in the HL-LHC scenario → DELPHI simulations 

planned.
6. TDI: short-term solution for the post-LS1 LHC. Iterative re-design ongoing!

Next steps:
1. Replacement of the BPM broadband model with accurate impedance estimations.
2. Update of the other broadband impedances (valves, Y chamber, …) from design report.
3. Update of the Crab Cavities design → impedance HOM updated list.
4. ….



  

Thanks!



  

Some material electrical properties

Material properties:

● Stainless steel 604L:

● Graphite SGL R4550:

● CFC Tatsuno AC150:

● Tungsten:

● Titanium (in TDI):

● hBN:

● Aluminum:

● Copper:

● Molybdenum:

● Molybdenum-Carbon:
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