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Electrons/Bunch

- Serious relative overestimate
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for lower energies, likely some

LUXE CDR migration from higher energies
Reconstructed . ..
_IIE_nt-;;:l;?y Spectrum - sub-optimal statistics,
ru —~ * 1
Energy Spectrum 850*2000 macroparticles were

used (1.7M). For Brem.
managed to use 1/10 of bunch
(150M). Excited to use Tom
Blackburn’s production to
improve on this

- As seen in light profile, very
steep gradients are present.
Even a small angular dispersion
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> 4 6 8 10 12 14 jg Oof scattered secondaries can

then affect low-E integral
Energy (GeV)
- Currently 5 cm of air from
beam-window to screen — could

IPstrong Full Scattering be useful to evaluate 0 cm
IP Scint. Screen, w_0 = 3jm 3
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‘Taped to Beam-window? 5cm gap from WiI:ldOW to screen
IP Scint. Screen thickness = 500Jum IP Scint. Screen thickness = 500[{im
- I tried looking at the “point-source’ response
of E=7GeV beam in G4
- I feel it clearly has no real effect, looking at 7

std. dev. as a very rough indicator
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‘Taped to Beam-window? 5cm gap from window to screen
IP Scint. Screen thickness = 125Jum IP Scint. Screen thickness = 125jim
- Now also with a thinner screen to look again
at response
- Again little effect by eye or std dev 8
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] ] - This dispersion is honestly
600 —- more than I expected and it is

- . fortunate the reconstructions
95001 = have been as good as they are!
400 = - An intrinsic property of the

- . material? Like the Moliére
3001 3 radius, although the shower is

- 1 not contained in the material
200 7 as electrons just pass through
100 E - Manufacturers (Mitsubishi)

Aoy offer thinner screens and claim

0 16 17 18 19 20 21 22 23 24 25 higher resolution. This must be

om in terms of optical obfuscation
‘Taped to Beam-window?
IP Scint. Screen thickness = 500pm 0
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- We do not know exactly the ultimate spectra for various xi
- Need to safeguard against these possible high-gradient light distributions

- expect sharp cut-offs in low-xi Compton edge case (but there we use B=21'Ig
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DECONVOLUTION

Of course we can understand the measured spectrum as a convolution of function
of incident electrons (f) with single-electron signal response which is broadly Gaus-
sian (g) —as well as additive noise (€).

s=(f*xg)+e€

After measurement of background, which can be done both by measurement of
the screen with e-beam only events and light emission outside the central band of
signal, this background can effectively be subtracted. Then s = fif the single particle
response is of a Dirac-Delta function - or close enough. This has been the assumption
so far. To deconvolute, we can use the Fourier transform and Convolution theorem.

The Fourier transform of function fin x is:

F(w) = F(f(x)) = f: F(x) e 2wy

and the Convolution Theorem states:

F(f »g) = F(f) x F(3)

To make use of this we need an explicit description of the single-response Gaussian
(or its Fourier Transform). We can deduce this due to the symmetry of the detection
response. [ suggest that we can use the y-dimension of the image of the screen to mea-
sure an effective single-electron response g. At the high-energy limit of the screen, the
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response. I suggest that we can use the y-dimension of the image of the screen to mea-
sure an effective single-electron response g. At the high-energy limit of the screen, the
detector sees the most collimated and most numerous electrons, so we can evaluate
this dispersion of energy deposition at that point with:

1. the closest incident electron function to a Dirac-Delta (in y).
2. the best statistics at any point in the image.

The resulting gathered distribution is arbitrarily-scaled. As we define g as the re-
sponse of one incident electron, we can normalise such that the integral is set to one,
and keep the number-of-electron information encoded in f.

With the digital data we have, to use the Fourier transform in this form requires
fitting of continuous, integrable functions to the data. It is not wise to rely on this
approach as we need to keep the approach generalisable to spectra of a surprising
shape. In any case we expect energy distributions with discontinuities in the form of
‘Compton Steps” which will prove difficult to fit.

Thankfully we can use instead the Discrete form of the Fourier transform which
suits our discrete data. This takes the form:

—N_lx [cas(znkn) fsin(znkn)]
n=0 ! N N
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Where N is the number of elements in the discrete data, and n and k denote ele-
ments within. The inverse Fourier transform is then:
N-1
k=0

1N‘1X 27rk o 27rk
_ o i —_kn
N 2, k| cos | gk | +isin(

This technique will be used in simulation and its effectiveness considered. Its use
in real-life can also account for optical point-spread effects not implemented in simu-
lation.

1
xn:N
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Outlook:

- Will send more jobs to UCL farm to take ptarmigan and send MC particle
through G4 many times to develop statistics

- on a longer timescale, look into running ptarmigan to create these
statistics. Tom has explained 10° macroparticles takes 3 hrs in one core. Can
assume full bunch takes 4500 thread-hours. At UCL with 180 concurrent
threads, takes 25 hrs.

- will implement Fourier transform into reconstruction script
- In the process of ordering Cameras & screens to DESY
- Not working next week (incl. preparing for Brexit meeting Wed)

- Also not forgetting Sasha’s comments 2 weeks ago about variable binning
approach
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Addendum:
Choosing JETI40 ptarmigan with xi = 2.0

/nfs/dust/luxe/group/MCProduction/Signal/uncompressed/ptarmigan/JETI40/
Xi_scan/xi2.0 particles.out
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Backup

17




6 6

i §<‘ 0' L L L L T L DL DL - 2<|1 p I I B B B B I I T —— I I B
O C _ Q B _
5 40— = £ 250~ LUXE ‘L -
28] - 1 m - ]
% 35 -=EL|_ = E - ____ Reconstructed s
o - 1 0 200" Energy Spectrum ]
5 30— 1 5 - — Truth i
ko, - 1 @ i Energy Spectrum 7
Y25 ERR -
20? ____ Reconstructed i E E
15— __ Trawy Spectrum 4 100- -
- Energy Spectrum ] - —
10 — B i
— _ 50_— ]
5- E - =I_|_r'_"—¥ :
0 : IJ_ ‘ | | | | | | | | | | | | | | | | | | | | | | | | | | : 0_ 1 | | I | | | I | | | | | ‘ | | | | L1 | | I | L1 | L |

0 2 4 6 8 10 12 14 1€ 0 2 4 6 8 10 12 14 16 18
Energy (GeV) Energy (GeV)

Ptarmigan Full Scattering
IP Scint. Screen, w 0 = 5Uum
¢Stuck to beam window? 18




[cm]

(e
IHI|IIII|IIII‘IIII|IIII|_LIII|IIII|II\I|IIII|III
H
1
HI|IIII|IIIIW'IIII|IIII|\III|IIII|II\I|IIII|II

— [ | [ ‘ I — ‘ [ \ | I |l\ [ T I — | [ ‘ ]
> 10 12 14 16 18 20 22 24

[cm]
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¢Stuck to beam window?
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- energy of 156.5 GeV corresponds to 0.15mm
from screen edge, which both in simulation and
real life may be fraught. So maybe we round

down to 15 GeV
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e-laser-bkg.root Background Electrons/BX
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- Tried already a rudimentary background
subtraction — taking some integral of some small
area above/below central signal band, and
subtracting

- Statistics not helping the case with this
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- Will not actually use cameras to collect
scint. photon data; to accurately model screen
surface optical effects would drastically inflate

runtime

- Instead just use some reasonable figure for
(solid angle covered by camera) * (detector
efficiency)

And produce e.g. 1/100 number of photons,

reducing runtime
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Scintillation photons in Screen with x
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File Edit View Search Terminal Help
Energy interval 1.5 GeV to 2 GeV

X coord interval -9.44744 cm to 0.29804 cm

Energy interval 2 GeV to 2.5 GeV
X coord interval 0.29804 cm to 6.04324

Energy interval 2.5 GeV to 3 GeV
X coord interval 6.04324 cm to 9.84073

Energy interval 3 GeV to 3.5 GeV
X coord interval 9.84073 cm to 12.5402

Energy interval 3.5 GeV to 4 GeV
X coord interval 12.5402 cm to 14.5587

Energy interval 4 GeV to 4.5 GeV
X coord interval 14.5587 cm to 16.1256

Energy interval 4.5 GeV to 5 GeV
X coord interval 16.1256 cm to 17.3774

Energy interval 5 GeV to 5.5 GeV
X coord interval 17.3774 cm to 18.4005

Energy interval 5.5 GeV to 6 GeV

X coord interval 18.4005 cm to 19.2525 cm

Energy interval 6 GeV to 6.5 GeV

X coord interval 19.2525 cm to 19.973 cm

Energy interval 6.5 GeV to 7 GeV

X coord interval 19.973 cm to 20.5903 cm

Energy interval 7 GeV to 7.5 GeV
X coord interval 20.5903 cm to 21.1251

Energy interval 7.5 GeV to 8 GeV
X coord interval 21.1251 cm to 21.5929

Energy interval 8 GeV to 8.5 GeV
X coord interval 21.5929 cm to 22.0055

Energy interval 8.5 GeV to 9 GeV
X coord interval 22.0055 cm to 22.3723

File Edit View Search Terminal Help

Energy interval 9 GeV to 9.5 GeV
X coord interval 22.3723 cm to 22.7003

Energy interval 9.5 GeV to 10 GeV
X coord interval 22.7003 cm to 22.9956

Energy interval 10 GeV to 10.5 GeV
X coord interval 22.9956 cm to 23.2627

Energy interval 10.5 GeV to 11 GeV
X coord interval 23.2627 cm to 23.5054

Energy interval 11 GeV to 11.5 GeV
X coord interval 23.5054 cm to 23.7271

Energy interval 11.5 GeV to 12 GeV
X coord interval 23.7271 cm to 23.9302

Energy interval 12 GeV to 12.5 GeV
X coord interval 23.9302 cm to 24.1171

Energy interval 12.5 GeV to 13 GeV
X coord interval 24.1171 cm to 24.2896

Energy interval 13 GeV to 13.5 GeV
X coord interval 24.2896 cm to 24.4493

Energy interval 13.5 GeV to 14 GeV
X coord interval 24.4493 cm to 24.5976

Energy interval 14 GeV to 14.5 GeV
X coord interval 24.5976 cm to 24.7357

Energy interval 14.5 GeV to 15 GeV
X coord interval 24.7357 cm to 24.8646

Energy interval 15 GeV to 15.5 GeV

X coord interval 24.8646 cm to 24.9851 cm

Info in <TCanvas::SaveSource>: C++ Macro file: EDS-recon-scintCerenkov_3um-compton.

C has been generated

Info in <TCanvas::Print>: file EDS-recon-scintCerenkov_3um-compton.png has been cre

ated
root [2] I




