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1 Simulation Principle

touschek_background is a program for simulating where in an accelerator Touschek particles are
generted and where they are lost. The source code for this program lives in the bsim directory
in the standard Bmad[1] distribution.

This program makes use of Piwinski’s formula for the Touschek rate, which takes the Twiss
parameters and emittances at a particular element in the accelerator, along with a threshold
momentum, and returns the rate at which particles are scattered above that momentum[2].
For a given threshold momentum δE , the Touschek rate formula is evaluated twice, once at
δE and again at δE + ∆δE . The rate at which particles are scattered into an energy window
[δE , δE +∆δE ] is,

R′ [δE ] =
R [δE ]−R [δE +∆δE ]

∆δE
(1)

.

A test particle, starting on the nominal trajectory is given an energy kick δE and tracked to
where it is lost. The rate from Eqn. 1 is recorded at that location.

The momentum aperture δE,max is the threshold energy kick above which a particle will be
lost downstream due to collision with the beam chamber. The touschek_background program
divides the range [δE,max,∞] into a number of test particles. The number of test particles is
a settable parameter. An aperture file listing the locations and momentum aperture at each
element in the lattice is a required input for the touschek_background program. The aperture
file is typically generated by the aperture_by_tracking program also located in bsim.

So at every element in the lattice, several test particles are generated, each representing a differ-
ent energy kick and rate. These are tracked to where they are lost and the rate is accumulated
at the loss location.

The output of the touschek_background program is the current and power of lost particles
deposited at each element in the lattice.

This simulation was originally developed to determine the best locations for collimators to
intercept Touschek particles and control where losses occur. To that end, particles lost to a
collimator are treated differently than particles lost elsewhere
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Results from this simulation have been included in Refs. [3], [4], [5].

2 Input Parameters

The input parameters are:

&parameters
lat_file = <lattice file>
aperture_file = <aperture_by_s.out generated by aperture_by_tracking>

! Set region where particles are to be generated.
! Can be set by location s or by element names.

start_stop_type = 2 !1=by s, 2=by element name
! If "by s", then populate the s_prod_* and s_lost_* parameters.
! If "by element name", then populate the name_prod_* and
! name_lost_* parameters

! s_prod_start = 839.2
! s_prod_end = 839.3 !a negative number here means lat%param%total_length
name_prod_start = ’sa.mar.beg’
name_prod_end = ’sa.mar.end’

! Set region where particles losses are to be recorded.
! Losses before s_lost_start are ignored.
! Particles are not tracked beyond s_lost_end.

! s_lost_start = 0.
! s_lost_end = 1219.6 !a negative number here means lat%param%total_length
name_lost_start = ’sa.mar.beg’
name_lost_end = ’sa.mar.end’

do_ibs = .false. !If true, then IBS will be taken into account when
!calculating the beam emittances and energy spread.

count_col_losses = 1 ! 0=no, 1=non-zero-length only, 2 = yes

! emittances are set here.
a_emittance = 3.0E-7
b_emittance = 3.0E-7
bunch_charge = 77.0E-12
bunch_length = 6.0093947965E-04
energy_spread_eV = 35.E3 !injected energy spread in eV
test_collimator = 0.0025 !radius of test collimator used for potential

! collimator profile.
collimate = .false. !Add zero-length collimators according to collimators.in

!If this is true, then collimators.in must exist
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! Set to true to record trajectories of lost particles. This can be useful in
! determining the best locations for collimator placement.
traj_snapshot = .false.
snapshot_start_slix = 316
snapshot_stop_slix = 371
! Generate a histogram showing the current of test particles at each location
! in the lattice.
histogram_orbit = .false.

! Number of test particles to generate at each element.
N_test_part = 50
!N_test_part = 1
N_data_points = 8 ! number of samples of Touschek rate formula
distParam = 0.9999 ! must be < 1.0, closer to 1 concentrates touschek

! sampling curve data points towards momentum aperture.
! 0.999 is good place to start

ignore_thresh = 1.0E-5 !if a slice produced less than this rate of touschek
!particles per bunch per meter,then it is skipped

&end

3 Output Parameters

Descriptions of output files generated by touschek_background.

3.1 collimator_profile.out

The .in files contains a test_collimator parameter that is a radius in units meters. For each
element between a location where a Touschek particle is generated and where it is lost, the
program tests if the Touschek particle trajectory exceeds test_collimator. If it does, then the
number of particles represented by the Touschek particle is added to running tally kept at that
element.

This data can be used to determine where in the lattice a collimator should be placed so as to
capture the most Touschek particles.

Header:

# slice location potential N element name
# index (s) caught
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3.2 energy_deposited_at_s.out

Records the amount of energy deposited by Touschek particles colliding with the physical aper-
ture at each location.

This data can be used to determine radiation backgrounds. Header:

# slice location nrg deposited at cumulative
# index (m) slice per bunch nrg
# (eV) (eV)

3.3 generation_pipe.out

Records the number of Touschek particles generated at each location which are destined to be
lost to colliding with the beampipe, as opposed to those Touschek particles which are lost due
to stopping during deceleration. This distinction is important for energy recovery linacs.

Header:

# slice location N generated cumulative N
# index (s) at slice generated

3.4 generation_stop.out

Records the number of Touschek particles generated at each location which are destined to be
lost to stopping during deceleration, as opposed to those Touschek particles which are lost due
to colliding with the beampipe. This distinction is important for energy recovery linacs.

Header:

# slice location N generated cumulative N
# index (s) at slice generated

3.5 Npart_striking_pipe_by_s.out

Records the number of Touschek particles colliding with the beampipe at each location.

Header:

# slice location N deposited at cumulative N
# index (s) slice per bunch

3.6 Npart_stopping_with_no_energy_by_s.out

Records the number of Touschek particles stopping at each slice due deceleration.
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Header:

# slice location N deposited at cumulative N
# index (s) slice per bunch

3.7 Npart_total_losses_by_s.out

Records the number of Touschek particles lost at each slice, counting both those particles that
stop due to deceleration and those that collide with the beampipe.

Header:

# slice location N deposited at cumulative N
# index (s) slice per bunch

3.8 physical_aperture_from_track.out

The physical apertures in the lattice that was tracked through.

Header:

# ele location aperture element name
# index (s) radius

3.9 raw_rates.out

This is the rate of Touschek particles scattered above the positive momentum aperture and
below the negative momentum aperture for each location in the lattice. It is essentially, the
Touschek formula evaluated at the given location at the momentum aperture for that location.

Header:

# slice location positive aperture negative aperture
# index (s) rate (N/bunch/sec) rate (N/bunch/sec)

3.10 sigma_matrix.out

The matrix of second order moments of all the Touschek particles passing through each location
in the lattice.

Header:

# Slice Location Cov(x,x) Cov(x,px) Cov(x,y) ...
# index m m^2 m m^2 ...
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# row number: 1 1 1 ...
# column number: 1 2 3 ...

3.11 sigma_p.out

The energy spread at each location in the lattice after taking intrabeam scattering into account.

Header:

# location sigma_p Total energy
# (s) (dp/p0) (eV)

3.12 slice_index_from_track.out

The slice index assigned to each location in the lattice that was tracked through.

Header:

# slice location element
# index (s) name

3.13 touschek_track.details

Compiled statistics from the Touschek tracking simulation.

Halo: Was halo tracking enabled?
Number of data points: Number of samples of the Touschek formula per slice.
Number of test particles: Number of test particles used to represent the
distribution of Touschek particles at each slice.
Total Integrated current (#e-): Total number of Touschek particles generated.
Beam Pipe Collisions: Total number of particles lost due to collision
with the physical aperture.
Zero Energy in Linac: Total number of particles lost due to stopping during
deceleration.
Energy deposited into beam pipe (eV): Total energy in eV deposited into the
beampipe due by Touschek particles.
Number of test particles: Total number of test particles generated
and tracked.
Number lost to beam pipe: Number of test particles lost to beam
pipe collisions.
Number lost to zero energy: Number of test particles stopped during
deceleration.
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