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AGENDA 

The meeting covered several topics on physical and dynamic aperture, including the impact of flux jumps.  
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2 Impact of Flux Jumps of Nb3Sn Magnets on Power Converter Performance (M. Martino)................. 3 

3 Possibility to suppress the installation of MS in Q10 in IR1 and IR5 (F. Plassard) ................................ 3 

4 Operational scenario and apertures (R. De Maria) ............................................................................... 4 

 

MEETING ACTIONS 

Lucio Investigate the possibility to repeat flux jumps measurements with a power converter 
that would not affect the measurement 

Jaime Study if the obtained magnitude of flux jumps is acceptable  

Xavier Check the contribution of long range beam-beam forces to beam kick at injection 

Riccardo Confirm with Collimation whether it is possible to run at 12.4  in TCDDM 
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GENERAL INFORMATION (G. ARDUINI) 

Minutes of the previous meeting have not been circulated yet. 

 

1 MEASUREMENTS AND ANALYSIS OF FLUX JUMPS (L. FISCARELLI) 

Lucio presented recent results of flux jumps measurement performed over the past two weeks. The 

measurements were done on a short model (1.8 m long, single aperture) MBH magnet and a full-size 

single aperture prototype. The purpose of this study was to identify the effect of flux jumps on the field. 

Flux jumps are identified as spikes of voltage on the two magnet coils. In general, these spikes can also 

come from mechanical vibrations or Power Converter (PC) ripple. For example, the low frequency part of 

the “flux noise” can be rather large, but it might be caused by reaction of the PC. In the measurement 

procedure the magnet is ramped at a nominal rate as the voltage and the magnetic flux are measured. 

The field and its quality is tested by two fixed pick-up coils that are very precise 10-5 on short time intervals 

below 10 s. 

In the short model the largest flux jumps happen in the beginning of the ramp whereas the latter part is 

dominated by high frequency mechanical vibrations, which can be seen from the time domain 

characteristics of the signals. Noise amplitudes for both the current and the flux are within ± 1x10-4 from 

2 to 4 kA. Subtracting the current fluctuations that are of the order of 0.2 units of 10-4 one obtains a flux 

jump contribution of around 0.2 units and the gradient (estimated as a relative ration between up and 

down coils) of 0.14 units. Flux jump spectral density is mainly concentrated between 0.1 and 10 Hz and 

has a spike around 1 Hz. The hybrid prototype shows similar results. 

  

 Gianluigi inquired if the vibrations are seen on Nb magnets as well as Nb3Sn. Lucio replied they 

are observed on some magnets. Michele Martino commented these are very high frequency 

fluctuations that will likely be damped by the beam screen. Sergey inquired about the nature of 

vibrations. Lucio explained that the vibrations seem to arise from changing Lorentz forces that 

excite the mechanical modes; they have been observed outside the Ramp. 

 Lucio noted that the flux jumps are observed only during the ramp (in particular in the first part) 

and not in steady state 

 Since the current fluctuations are specific of measurement set-up, Rogelio proposed to repeat 

with a better PC that would not limit the measurement. (Action: Lucio) 
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2 IMPACT OF FLUX JUMPS OF NB3SN MAGNETS ON POWER CONVERTER 

PERFORMANCE (M. MARTINO) 

First Michele showed several results on flux noise measurements. A short model – MBHBSP109 – has been 

analyzed, concentrating on the voltage between 2 coils. 3 ramping runs were performed in a current range 

2 to 4 kA. Current loop parameters affect only the current and the overall magnet voltage, but not the 

flux jumps. An 11 T two aperture prototype shows a small difference of voltage noise between the 

apertures. Almost no flux jumps above 100 Hz were observed. 

Michele presented an attempt to model flux jumps as a change of inductance over time. The jumps are 

assumed to be a Poisson random process with a normal distribution of amplitudes (the actual amplitude 

distribution is less important for the analysis). The amplitude and rate were fitted to represent the 

measurements. Using the model one can reproduce the high frequency behavior and the peak of the flux 

jump spectrum. The overall impact of flux jumps on the main dipole circuit is less than 0.1 ppm and 6 ppm 

in the 11 T magnets alone.  

 

 Regarding the measurements, Riccardo noted it would be interesting to see the results for a 

normal Nb3Sn magnet. Gianluigi mentioned it would be interesting to have a comparison of noise 

amp vs frequency. 

 Davide emphasized that the quoted 6 ppm amplitude does not tell the field. Lucio replied one 

needs to add the effect of the flux which is treated separately since the test powering conditions 

are different from the final configuration.   

 Stephane suggested repeating the measurements with different cold bores to distinguish the 

effect on the flux as the cold bore might affect the flux significantly. Lucio replied that the 

measurements were done without any cold bore; no effect is expected at the frequencies in 

question as LHC/HL-LHC beam screens are not supposed to cut below about 100 Hz. 

 In conclusion, Gianluigi summarizes that for the 11 T dipoles the flux jumps are dominating the 

beam kicks and not the reaction of the power converter control loop and asked checking if the 

kicks form flux jump are acceptable for beam dynamics assuming that the effect is similar to the 

continuous excitation during the ramp at frequencies in the range of up to 10 Hz and with kick 

amplitudes corresponding with few tenth of a unit at intermediate fields (Action: Jaime). 

 

 

3 POSSIBILITY TO SUPPRESS THE INSTALLATION OF MS IN Q10 IN IR1 AND 

IR5 (F. PLASSARD) 

The baseline has an additional MS10 corrector in IP1&5. It restores an even number of strong sextupoles 

on each side of the IP and helps remove geometric aberrations. Without the MS10 the Dynamic Aperture 

(DA) decreases by around 3  (for example, form 12.0 to 8.7 s without imperfections at -570A and Q’ = 

15). Two alternative optics approaches are proposed to mitigate this negative effect. 
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First, removing the MS14F magnets and introducing new phase advances in IR1&5 one can restoring an 

even number of strong sextupoles. This approach offers the same level of -beating as in the baseline. In 

terms of DA, one can restore above 1 , but still around 2  below the baseline due to an impact of larger 

amplitude detuning terms. The reason is that larger amplitude detuning terms and the coupling resonance 

is the problem. Even with reduced sextupoles this ‘no-MS14F’ optics misses the target DA (by 0.5  with 

beam-beam (BB)).  

Further, removing the MS14D magnet requires a 20% increase of sextupole strength for the same 

chromaticity correction, which can be restored using an ATS optics. In this situation tune footprints are 

close to the baseline. DA without BB and is only 0.5  below the baseline, both in the presence and in the 

absence of imperfections. Further studies will include BB for this option. 

 Rogelio asked whether the new phase advances between IR1&5 are compatible with the 

constraints imposed on the phase advance MKD-TCT. Riccardo replied that the constraint is 

imposed on the vertical phase advance between IR1 and 5 while the MKD-TCT phase advance 

constraints is in the horizontal plane  

 Riccardo proposed checking the octupole driving terms for the ‘no-MS14F’ optics. Rogelio asked 

whether the octupole strength had been lowered for this option. Fabien explained that based on 

the negative tune shift, which is important for Landau damping, one cannot lower the octupole 

strength. Rogelio mentioned an option of rebalancing the octupole families, if needed. 

 Stephane pointed out the importance of keeping the * in Presqueeze low as much as one can, 

there may be problems with a large ATS factor. Stephane proposed optimizing the phase 

advances to achieve the left-right symmetry (ATS requires a /2 phase between arc sextupoles 

and the triplet; many possibilities exist but not all of them are equally flexible in terms of optics). 

Riccardo suggested one needs first to complete the understanding of the MS14F, including 

Beam2, and then evaluate further options. 

 

4 OPERATIONAL SCENARIO AND APERTURES (R. DE MARIA) 

Riccardo made an overview of aperture and BB separation limitations using the values from the OP Note 

and an ATS factor of 2.0, which assumes the LS2 upgrade of the collimators. No major issues have been 

found for separation and apertures. 

In terms of crossing angle, there is room up to a full crossing angle of 1000 rad before encountering 

aperture restrictions. At the moment it is not possible to push the crossing angle further due to a smaller 

aperture of the triplet. With the new triplet the aperture bottleneck shifts to Point 6. 

The beam-beam separation is mostly important for IR 2&8 where it cannot be increased because of 

aperture bottlenecks. At 7 TeV an aperture restriction comes from the TCDDM in Point 8. Either it has to 

be upgraded or the half-crossing angle shall be reduced to below 220 rad. 

One can shorten the Squeeze duration to within 1 TeV of ramp. The constraint comes from the sextupoles 

and their ramp rate. It is planned to test Squeeze optimization and software during Run 3 and relevant 

discussions with OP have started.  
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 Gianluigi proposed checking how large the contribution to beam kick at injection can be (Action: 

Elias, Xavier) 

 Gianluigi raised a question whether it is possible to run at 12.4  in TCDDM in point 8, and 

proposed checking the settings with Collimation (Action: Riccardo) or otherwise update the value 

of the crossing angle in IP8. 

 A question arose if one can go lower than 2 m in * in IR1 and IR5 at 5 TeV during the Squeeze. 

Riccardo believes there is some margin and probably 1 m is feasible, but it requires further 

investigation. 
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