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Minutes of the 122st WP2 
Meeting held on 29/05/2018 
Participants: S. Antipov, B. Dalena, R. De Maria, M. Giovannozzi, N. Karastathis, N. Mounet, T. 

Pugnat, B. Salvant, G. Sterbini, R. Tomas, E. Todesco, F. Van der Veken, D. Wollmann 

AGENDA: 

Agenda:1 

1 General information (R. Tomas)1 

2 Impact of quench heater firings on the circulating beam - status and results of experimental and 

simulation studies (D. Wollmann)1 

3 Thomas Pugnat’s PhD project proposal (T. Pugnat)3 

4 Round Table4 

 

1 GENERAL INFORMATION (R. TOMAS) 

The minutes of the previous meeting are in preparation and will be circulated shortly.  

 

2 IMPACT OF QUENCH HEATER FIRINGS ON THE CIRCULATING BEAM - STATUS 

AND RESULTS OF EXPERIMENTAL AND SIMULATION STUDIES 

(D. WOLLMANN) 

Daniel started his talk reminding the problem – quench heaters in LHC impact the beam. This is seen as a 

periodic loss pattern in cases of beam induced quenches that traces back to the quench heater firing. 

While not an issue for LHC, it might pose a problem for HiLumi that will have more quench heaters due to 

(1) larger beam kicks, (2) ultra-fast, half a revolution rise time. The kick magnitude is expected to reach 

2.4 rms beam size ( in the dipoles and exceed 50 in the IP1/5 triplets. The impact on the beam can be 

avoided by adjusting the timing of quench heater firing and issuing beam dump before triggering their 

discharge. 

2D Numerical simulations of quench heater field penetration into the beam in Comsol predict a lower rise 

time that observed in the machine. The discrepancy could be attributed to a higher resistivity of the 
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copper coating of the beam screen - 8.5 nOhm-m is needed to fit the observations, which corresponds to 

a beam screen temperature ~ 100 K. 

Experiments with beam and in magnet test station (SM18) are required to further study the effect. A 

measurement at 0 coil current seems straightforward, while a measurement at the full field poses a 

technical challenge of resolving the quench heater field, since it is ~ 10-4 of the field of the coil. 

 

 During a discussion of the assumed worse resistivity of Cu beam screen coating, Rogelio 

emphasized the importance of the effect and its potential impact on power converter noise 

estimates and impedance. Ezio pointed out the possibility of another, yet undiscovered source of 

discrepancy. Sergey inquired what kind of Physics is included in the Comsol simulation. Daniel 

replied that only the magnetic field propagation problem is solved; heat propagation is neglected 

since it happens on a much greater time scale: ms vs s. Riccardo asked if the effect could be 

accidental, i.e. due to lower coating thickness or damaged coating. Daniel replied that the 

discrepancy must be systematic since it is observed on multiple dipole magnets throughout the 

ring. Rogelio asked about the thickness of the Copper coating used in simulation. Daniel replied 

that a nominal thickness (75 m) was used, to be checked. Benoit asked if the saturation by 

magnetic field has been taken into account. Daniel confirmed. Benoit pointed out that the implied 

high resistivity should have drastically increased the machine impedance at injection, affecting 

coherent beam stability. There are foreseen MDs in 2018 to measure impedance at injection. 

After discussing with Nicolas, Benoit further noted that the heat load measurements with 50 ns 

beam are in good agreement with the present impedance model. Benoit proposed to perform a 

dedicated study at injection. Rogelio supported the idea, stressing that the study should be given 

a high priority due to the potential impact on other effects, i.e. noise-induced emittance growth. 

 Rogelio inquired about the plans for the quench protection system in LHC. Daniel explained that 

the studies are foreseen during the MD3 or MD4 blocks. The kick strength will be measured by 

firing the heaters at 450 GeV. Only the dipoles will be tested; the triplet will not be tested because 

the system dumps the beam before it fires the heaters. Massimo inquired if it would be possible 

to raise the beam screen temperature for the tests. Daniel acknowledged it is an interesting idea 

and mentioned that it has to be checked with cryogenics. 

 Rogelio asked to clarify how a problem of large kicks can be mitigated in HL-LHC. Daniel replied 

that normally, when a quench is detected the beam dump is triggered before the heaters fire. The 

beam is therefore unaffected by the heater kick. Daniel pointed out that the full cancellation of 

quench heater kicks cannot be done due to voltage requirements, but an optimization to minimize 

the kick is ongoing. Rogelio summarized that it is the only the spurious heater firings the pose a 

threat. Daniel noted that positioning the triggers further away gives more time to trigger the 

dump after a trigger misfiring has been detected. An optimization is being performed assuming 

the worst measured rise times.  

 

ACTION (Impedance team): Perform an MD to study the beam screen impedance at injection energy.  

ACTION (Daniel): Check what thickness of the Cu coating is needed in simulation to obtain the measured 

rise time. Check also for possible new experimental tests in the LHC.  
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3 THOMAS PUGNAT’S PHD PROJECT PROPOSAL (T. PUGNAT) 

The goal of the presented thesis project is to understand nonlinear field effects on beam dynamics, in 

particular, focusing on the fringe fields of the inner triplet quadrupoles. This is achieved by developing an 

accurate non-linear transfer map for usage in particle tracking studies with SixTrack. The project is divided 

in three parts: numerical simulations, beam dynamics measurements, and magnetic measurements.  

The numerical simulations address the impact of realistic non-linear fields on dynamic aperture (DA). 

Thomas showed first results for a 2nd order Lie integrator for the 4D transverse motion implemented in 

the Sixtrack tracking code. Some differences in DA are observed between normal Sixtrack calculations and 

the ones with the fringe fields implemented. Ultimately, the full 6D tracking with all skew fields and 

nonlinearities will be done. 

The magnetic measurements provide an input to the non-linear transfer map used in the tracking studies. 

3D distribution of end fields of the inner triplet quadrupoles has not been measured yet. A new instrument 

is proposed to make the measurement. 

Beam measurements would provide a great value for benchmarking of the numerical model. The group is 

especially interested in studying the effect of b6 multipole field in the inner triplet. The challenge is finding 

a good observable that would allow an easy comparison with the numerical simulations.  

 

 Rogelio raised a question why the extra linear steps are needed in the tracking. Riccardo 

explained: that without the step the matching would not be perfect, affecting the tune. Sixtrack 

does not have the capability to perform the matching, in the future it can be done using MAD. 

 Massimo emphasized the importance of understanding of the effect of fringe fields on the DA.  

Riccardo inquired if the random component of the triplet magnetic field is included in the dynamic 

aperture studies. Barbara replied that no random errors have been studied so far. Massimo noted 

that there is a b6 nonlinear corrector in the machine that has to be reflected in the simulation. 

Rogelio noted that the tunes in the tracking results differ from the nominal ones. Massimo 

pointed out that, in order to make a comparison with SixTrack, one has to make sure that the 

linear optics after accounting for the fringe fields remains the same as in the SixTrack reference 

model. Also comparing seed-to-seed rather than average DA results should be envisaged. 

Riccardo reminded about a large sensitivity of DA to the tune - DA changes by 2 σ with the choice 

of the working point. Rogelio summarized that to perform the comparison one has to, first, check 

that the bare tunes are the same. Rogelio also stressed the importance of agreeing on the 

common terms and quantities to compare the codes and approaches. 

 Ezio pointed out that, at the moment, there is no way to measure the 3D distribution of the end 

fields – the established magnet test procedures yield integrated kicks. Barbara replied that a new 

instrument would be used, according to S. Russenschuck. The group is interested in using real 

experimental data. It can be used to estimate the level of sensitivity to measurement errors of 

the tracking. Ezio emphasized that using a new technique that has not been tested implies testing 

the instrument, not the magnet. Ezio further noted that, based on past studies, what is relevant 

for HL-LHC is the variation of multipole fields along the length of the magnet (for which 

measurement data exists). Massimo summarized that it can be dangerous to link a PhD project 

to a measurement technique that has not been proven. The beam dynamics part of the project is 
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very strong and interesting. The research can be performed with simulation data as well as with 

measurement data. 

 Regarding the beam dynamics measurements, Massimo made a comment that searching for the 

effect (i.e. b6 errors) in the past experimental data might be challenging. A smarter way would be 

to create a situation (design a measurement) where the studied effect plays a big role. 

 Rogelio concluded that the presented PhD project is of high interest for HL-LHC. The group is 

looking forward to a fruitful collaboration.  

 

 

ACTION (Thomas): Verify that the numerical model incorporates all the quadrupole, skew quadrupole, 

and nonlinear correctors present in LHC (HL-LHC). Demonstrate that the tracking gives the correct bare 

tunes. After the meeting some checks have already been done pointing to a difference in the optics 

configuration of the normal SixTrack and the studies with the fringe field implementation.  

ACTION (Thomas): Understand the impact of fringe fields on single machine seeds. 

 

 

4 ROUND TABLE 

Next meeting will be held on the 12th of June. 
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