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Questions
Following up on the studies of summer student Julie Malewicz, we
had been addressing the following1,2:

1 How far can we push tracking using modern GPUs, profiting
from SixTrackLib development by M. Schwinzerl et al.3?

2 How many particles can we track and for how many turns?
3 At the same time, can we learn something about the losses in

the beginning of collisions?

With this study, we wanted to extend to:

1 Do the beam profiles change? Can beam-beam effects cause
emittance growth by themselves?

2 How are particles lost?

1See also K. Paraschou, 1st Non-Linear Beam Dynamics WG Meeting
2 and K. Paraschou, 165th HiLumi WP2 Meeting
3More details in M. Schwinzerl, BE Seminar on SixTrackLib
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SixTrackLib on GPUs for beam-beam studies

The problem we considered was:
At beginning of collisions
(t < 1 h), strong losses are
observed within the first
hour.
We want to check whether
this behaviour can be
observed in simulations.
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Some Numbers

Available GPUs:
12 Nvidia Tesla V1007 GPUs available in HTCondor at
CERN.
4 Nvidia Tesla V100 GPUs in the CNAF cluster in Bologna
(through HL-LHC collaboration).

Tracking 2 · 104 particles in the full LHC lattice with Beam-Beam:
in one V100 GPU:

∼ 5.4 hours for 106 turns
→ ∼ 4.5 days for 20 · 106 turns (0.5 hours of beam time)!

7https://www.nvidia.com/en-us/data-center/tesla-v100/
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Simulation Parameters

From typical 2018 physics fill
Bunch intensity : 1.25 · 1011 protons

Energy : 6500 GeV
Octupole magnets’ current : 500 A

Bunch spacing : 25 ns
Transverse normalized emittances : 2 µm/2 µm

RMS bunch length : 0.075 m
Half-crossing angle : 160 µrad

Betatron tunes : 62.31/60.32
β at IP1 and IP5 : 30 cm

For the beam-beam lenses 6D modelling is used for head-on
interactions and 4D modelling for the long range interactions.
The aperture is set at 1 m for the tracking simulations; realistic
values are applied in post-processing.
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Size of Study

To be able to make precise calculations about the evolution of
profiles, a large number of particles was needed.

Tracked 2.3M particles each for 20M turns.
Only 1000 points per particle track (0.005% of turn-by-turn
data) → 180 GB of data.
To cope with this amount of data, we used HDF5 format for
storage.
Special care was also needed during the analysis.
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Simulation method and results
Transverse phase space is probed using a random uniform
sampling.
Repeated for different values of the longitudinal amplitude to
cover the RF bucket.
Losses are obtained by assigning to each particle a weight
proportional to the corresponding phase space density for a
Gaussian bunch.

Compared to previous data: more particles and fix of a small bug
on vertical dispersion in matching of the distribution. (effect on
losses is small)
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Simulation method and results

The simulation shows a transient in
the losses comparable to the one
observed in the machine.
(Although longer in machine)
Magnitude of “steady state” losses
is very similar between simulation
and measurement.
In simulation, aperture restriction
changes the initial “transient”
losses. Later on, curves are
overlapping.
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Longitudinal distributions

We investigated better the dependence on the longitudinal
distribution.

Three longitudinal distributions
were tried (with same r.m.s.
bunch length).

Parabolic density
q-Gaussian (q=0.85)
density
Gaussian density

All of them predict practically the
same loss rate.
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Tail Evolution

Tail Content = percentage of particles above 3σ
(0.27% for initial Gaussian profile).
No measurable emittance growth over the simulated time span.
Losses are not correlated with strong emittance growth or a
strong tail formation.
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2D analysis of losses

Amplitudes in both x and y
influence the losses.
When projecting in horizontal or
vertical plane, losses reach rather
low amplitudes.
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2D analysis of losses

Amplitudes in both x and y
influence the losses.
When projecting in horizontal or
vertical plane, losses reach rather
low amplitudes.
e.g. Losses at the tails of horizontal
profiles are responsible for a
significant depletion of vertical
core, and vice versa.
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Individual particles

We looked into the motion of individual particles to gain a better
understanding.

Losses are not driven by a
slow drift towards the
aperture.
Particles remain stable for
several minutes, then
suddenly increase their
amplitude and are quickly
lost to the aperture.
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Individual particles

We looked into the motion of individual particles to gain a better
understanding.

Losses are not driven by a
slow drift towards the
aperture.
Particles remain stable for
several minutes, then
suddenly increase their
amplitude and are quickly
lost to the aperture.
Particles with more complex
dynamics are also observed.
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Tails

Beam-beam effects alone cannot form tails. We investigate an
initial transverse distribution with “heavy tails” q-Gaussian (q=1.1).

Tails are preserved.
Transient losses become longer
but steady state losses become significantly larger.
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Conclusion & Summary
Used GPUs to perform massive long-term simulations
including beam-beam effects.
Qualitative behaviour of losses is reproduced.
Reduction of aperture increases the transient losses.
No strong dependence of losses observed on initial longitudinal
beam distributions.
Studied the evolution to the beam profile. Beam-Beam effects
alone do not form tails.
Individual particles do not slowly drift towards aperture,
instead they get lost “suddenly”.
Tails in the initial beam distribution increase both transient
and steady state losses.

Coming soon:
Simulations including electron cloud effects (initially at
injection energy).

Thank you for your attention!
Konstantinos Paraschou
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