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Setup

CLIC BDS, L*=3.5m, latticev_10 10 11

Integrated simulations: BBA + Luminosity Tuning Knobs
PLACET-Octave for Tracking / Guinea-Pig for Luminosity
Initial misalignment: 10 um RMS (x,y) for all elements
Bpm Resolution: 10 nm

Dipole Correctors (unit : Bpom-Quad-Corrector)
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Tentative Alignment Procedure
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Tuning of the Alignment Procedure

1) Create the Response Matrices

2) Tune the Free Parameters
3) Study the Convergence
4) Optimize the Gains

5) Test Beam-Based Alignment
6) Apply tuning knobs



Response Matrices

 There are many ways to calculate a response matrix

— Orbit measurement / tracking:
* Measure Bpm response to corrector kicks
* Measure Dispersion response to corrector kicks

— Optics:
* Use transfer matrix’s element R, (linear response)
— Other methods...

 When calculating the RM, need to be careful
— Nonlinearities affect the response
— Synchrotron radiation emission affect the response
— Need to keep track of target nominal orbits

After several tests, | used Orbit Measurement / Tracking



Response Matrix Calculation

| used the nominal beam, and two test beams for
measuring the dispersion (+/- 0.1% energy difference)

* | used 100K-particles/bunch for the calculation of the
targets: orbit and dispersion

— SR emission requires the simulation of bunches with large
number of particles (computations are cpu-intensive)

* | used 1-particle/bunch for the calculation of the
Response matrices (very fast)

— SR emission is implemented as an average energy loss



Tuning of the Weights

The algorithm depends on 5 free parameters: 2 gains, 2 weights, SVD’s
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— When the multipoles are OFF: g1, w1, beta
— When the multipoles are ON: g2, w2, (beta)

These must be tuned to obtain best performance

Tuning method:
— Fix: (g1, g2) -> (0.4, 0.4) and (0.7, 0.3)
— Scan: beta->0, 1, 2, ... 10, 20, 30, 40, 50
— Simplex: on (w1, w2) -> beamsize, average of 40 seeds

It is CPU-intensive calculation, setup for faster simulation:
— No SR emission
— 1-particle tracking for BBA
— 100K-particles tracking only for beamsize measurement



gains = (0.4,0.4) : optimization of (w1,w2)
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gains = (0.7,0.3) : optimization of (w1,w?2)

140 r
o, [nm] ——
120 r Oy [nm] ——— A
Oy [nm] ———
100 +
80 -
- M
40 | -
20 T _
0 \éﬁbﬁﬂﬂﬂ/ﬁ ; F ; f f /

B [#]



Resulting Set of Parameters

* Gains: 0.7,0.3
* Beta: 10

* W1:635

e W2:11

v’ Final beamsizes for 40 machines (no SR):
v'SIZEX : 44 +/- 3 nm
v'SIZEY : 2.3 +/- 1.0 nm



Multipole-Shunting

* Response Matrix:

— From the linear optics, find a response matrix for:
dipole kicks at Sextupole locations to Bpms

* Algorithm:

— For each multipole, from first to last:

1)
2)
3)

Switch it ON
See how much the orbit is perturbed

Perform a scan in its (x,y) position, to find the
minimum of the perturbation



Tuning Knobs

* Tuning Knobs are calculated using the SVD on
— Beam covariances vs. 5 Sextupole positions (x,y)
— 10 “Coupled” Knobs are computed (5x2)

* Only 6 out of 10 knobs are used
— The first 6 with largest singular values

* Tuning with Inverse Parabola Optimization
(Brent Minimization Algorithm)

— Fast, robust



Brent Minimization Algorithm

It combines a parabolic interpolation with the golden section algorithm

Algorithm: ------- parabola through (1) (2) 3)
1. Try thl’ee pOIntSZ [ _100' O, 100 ] ............... parabola through @@@

2. Perform a parabola interpolation

3. If the concavity is correct:
1. Compute the vertex of parabola \
2. Replace the worse Point to bracket the vertex

4. |If the concavity is incorrect: 5
1. Perform Bracketing until bracketing the optimum ™~

5. Pick the best three points and go back to 2.

*Two Luminosity measurements per iteration
| have used 8 iterations per knobs (not counting bracketing —3 per knob average-)



Results, for two cases

Optimization Procedure:
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Conclusions

v" Almost all seeds converge (sometimes the beam is lost, but this can be
improved)

v" Few hundreds iterations required for BBA
v" Few hundreds required for Luminosity optimization

v' Convergence is fast ! w.r.t. simplex

v The system is very nonlinear, but can be controlled ---> a robust BBA is
crucial

- Yet, all this is not sufficient => it could be followed by a final step of
simplex in the FFS

- ..butit can be improved ! (Give me some more time...)



Further Improvements

e Gainl can be relaxed (i.e. increased to 1.0) for
faster and better convergence

* Adaptive gain can be used at convergence
(following some clever prescriptions from
Numerical Recipes)

* Second Order DFS is in progress

— requires accurate calculation of 15t and 2" order
transfer matrices => not easy job, takes a lot of time...



