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* FLASH is a VUV (vacuum ultra violet) Free Electron Laser (FEL) driven by a 1 GeV

linear accelerator (linac) using superconducting technology.
* Schematic view of FLASH
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2.Motivation.

FLASH goals:

1. FLASH provide photon beams with high brilliance, it is a user
facility for synchrotron researchers.

2. FLASH is a test accelerator for the XFEL (3 km) and ILC (30
km).

—  XFEL has been designed to get high brilliance at a small wavelength,
the wavelength depends of the energy.

— ILCis a linear collider and requires high luminosity (L is proportional
to the number of bunches ) for the collision experiments at high
energy.

‘ Therefore it is important to produce and keep a beam with
stable energy and position. Studies to get stable beams
with long bunch trains are made at FLASH.
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e All the data of the experiment is saved in DAQ (Data Acquisition System).
The size of this experiments typically is about 15 Tbytes but in our study we
use only a part.



How do we measure the energy?

DIPOLE
1. Spectrometer principle: £
@ T ds
e Components: l

Dipole magnets : consists in a magnetic
field perpendicular to the trajectory of

the beam.

BPM : beam position monitor

® Physics: When a particle moves into a magnetic field the Lorentz force
deflects the particle trajectory.



Applying the dynamic equation of uniform circular motion
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e
If we consider ultrarelativistic particles (E=pc) ) - _f B ds



- . Constant
e The angle is inversely proportional to the energy. g oonstan

a

® The position in the y plane is proportional to the angle:
y=L*(a—ay)—dy=Lx*da
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® The variation measured by the BPM is proportional to the relative energy.




e Contributions to the energy measurement errors:

e Noise of the BPMs

e Systematic errors of the BPMs (wrong calibration, for example)

® Trajectory inestabilities (before the dipole) because each bunch has a different initial

position and angle.
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Is there a method with which we can take away one of these

errors?




e The second method to obtain the energy is using the Singular Value Decomposition

Factorization (SVD).

The mathematical meaning of SVD is that it decomposes the matrix M into three matrices
like this:

M=U*S*V’

Where U and V matrices are orthonormal and the S is a diagonal matrix (the diagonal
elements of which are called singular values).

The physical meaning of SVD: shown with simulation in the following.

We apply SVD to the orbit matrix M(24,158), which is the relative beam position
measurement .

M= | ) UtV




e We made simulated BPM noise which is a matrix M“Oise with a size (24*158) with Gaussian random
numbers with a 0 =0.01mm .

MSsim — ME 4 M noise
ME Is a matrix of simulated trajectory for energies — T between [-1,1] in units of 107 .

® On the figure below you can see the plot of the matrix MSim .
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® Results of SVD applied to M3
® The S matrix (diagonal)
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Now we want to calculate energy extracted from SVD. The row of U corresponding to the singular value 571 is
Ui1 and corresponding colum of V is ]'{;'1 .
First we calculate y position from the BPMG6PYP (this is the 15th BPM, which is used in experiment data from FLASH):

V1s,j = Ups1 X 811 XV}

Then with this we extract the relative energy fromSVD "~ i



3.SVD method.

® Below we can see the plot of energy extracted from SVD from the simulated energy.

The plot of energy extracted from SVD from random energy jitter The plot of energy extracted from spectrometer from random energy jitter
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e The standard deviation of the difference of this two energies gives us the error of simulated
energy measurement from SVD method. For the chosen sigma itis equal 0.004 [10~].

e We calculate the energy from spectrometer from the position data in matrix M=t

e The standard deviation of this energy minus the simulated energy gives us the error of simulated

energy measurement from spectrometer method. For the chosen sigma it is equal 0.0123[ 10~7] .

® Aswe can see the error ESVD is smaller than the error of E=Pét



e Finally we made the plot of this two errors for different BPM noise (o) (see in the
figure below).

Energy error [1/1000)]
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® We apply the SVD descomposition to the experimental data and we extract the energy
corresponding to the stronger motion mode.
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What we learn from this analisis are:

e The results of ESYP are more precise than the E°P*““method because:

® We get the energy from the data of all BPMs (downstream the dipole) , so
we have more measurements therefore less error of measurement.

e We separate the trajectory changes due to energy instability (present only
downstream the dipole) from trajectory instabilities (present upstream and
downstream the dipole).



e We have compared two methods to obtain the energy of electron beam :

— Using simulated data
— Using experimental data

® \We get more precise E measurements for SVD method.

e With the SVD we separate different type of beam instabilities (energy, trajectory...).

® A more precise knowledge of energy ,energy jitter and other trajectory instabilities
can help to improve the accelerator performance.

° More studies will follow.
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