K’'n’K Seminar: Estimation of
stat. error In emittance
calculation

Raffael Niemczyk, Zeuthen, January 18t 2018




Recap: Slit Scan Method
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EMSY Observation -
station Screen X (mm) [2]

Cut out emittance-dominated beamlets from space charge-dominated beam with a slit

« Measure the size, position and intensity of each beamlet on screen

Reconstruct the phase space at slit position

« Emittance via € = By\/%\/(xoz)(xo’z) — (x0%o")?

[2] S. Rimjaem et al., Nucl. Instr. Meth. Phys. Res. A671, 62 — 75 (2012).
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Statistical error

We often take images ten times

Averaging and stat. error calculation possible

| generate ten phase spaces from ten images (at every slit position)
Then | calculate ten times each beam moment
Vx = (x02),Vp = (x0'?) and Cov = (xpx,’)
| calculate the uncertainty of these values as
AVx = rms(Vx —mean(Vx))

Now calculate the geom. emittance via € = \/Vx * Vp — Cov?

.. and the stat. error with gaussian error propagation

Ae = —EAV 2+ —EA 2+ =L AC 2——1\/ A 24+(V AVp)2 + (2xC ACov)?
- k E'S x x

€ % X % Vp C ov e (Vp Vx) (Vx p) ov ov
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Statistical error calculation

A de_ v 2+ de_ v 2+ Y 2 1\/V AVx)2 + (Vx * AVp)2 + (2 * Cov * ACov)?
— - S _— = — * * * *
¢ dVx * dVp P dCov ov 2€ (Vp )7+ (Vx P) ov ov

The error of the emittance is extremely big!? Why??

Alternative estimation of error: VX
RMS of the emittance values: Ten phase spaces give ten Vp
emittances, calculate all them and then the error via Cov

Ae = rms(e; — mean(e;)) Emitx

This gives Ae = 0.0034 um (rel. error ~3.7%)
Thanks to Hamed & Osip for discussions and cross-checks
What do we do?
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3.711 mm?
0.168 mrad?

0.014 mm?
6.97E — 4 mrad?

0.783 mm mrad 0.003 mm mrad

0.092 pm

0.031 pm

0.37 %
0.42 %
0.37%
33.97 %




