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Updates

» After discussion with Tom, found that there is a fault with the angular
distribution with the IPstrong MC data for the IP

* The GEANT4 simulation analysed to far has been using this

* New Ptarmigan data for xi = 1.0, wO =5 um is being used now in
FLUKA simulations



Ptarmigan Parameters gEnm.

laser:
af: xi
wavelength: wavelength
fwhm_duration: 25.0 * femto

* Ptarmigan parameters used to Vatats 167,839 + sare(laser energy) - wavelength 7 (el - sare(35.0))
glenerate Xi=1.0,wO0=5.0 um MC boan
ata 2:;;2?02?;9 * g
. . gamma: initial_ga@mg
* Initial electron energy 16.5 GeV, Sl e g
1EG maCFO-partICIES zsﬁtzioi;gg{iif;g.z * degree
. . rms_divergence: 8.672 * micro
e Coordinate system defined along etouts
beam aXiS ;ﬂﬁgfgltggiiicles: plain_text
. . . electron: [energy]
 RMS divergence is divergence of e
source electron beam 8.672 prad stats:
. - total number
* Assumes beam emittance of 1.4 pognean eneray
mm mrad with transverse size 5.0 e
l‘lm constants:
laser_energy: 0.8 #-joules
* Laser energy 1.55 eV vavelength 8.8 * mcro

i intial_gamma: 16.5 * GeV / (me * c”2)



Geometrical Discussion
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* Azimuthal angle is angle around
beam

* Angles calculated from direction
cosines of momentum vector




Ptarmigan — energy distribution

Energy distribution
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Ptarmigan — electron energy distribution

Electron energy distribution (beam removed)
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e Contribution due to source
beam on energy distribution
removed

* Mean electron energy 14.0 GeV

* Corresponds to a Lorentz factor
of 27397

e Xi/gamma = 36.5 prad
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Ptarmigan — phase space

Phase space (e)
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Ptarmigan — polar angle

Polar Angle (y)
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Ptarmigan — measurement of beam width

Full Polar Distribution (y)

* Photon polar angle assumed to
be symmetric about 0.0 with
weights satisisfying

W(|6]) = W(8) + W(—6)

e Fitted with Gaussian, Cauchy-
Lorentz and Voigt profiles

* Within central range of —2.0
mrad to 2.0 mrad, Voigt profile
gives best fit

e Captures peak like Gaussian fit
 Tails extend farther into data
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Measurement of beam width

* Around central peak, Gaussian
(and Voigt) give good fit

* From Gaussian fit, sigma =
74.56 prad

* Using average xi/gamma from
slide 6, photon divergence
37.5 prad



Ptarmigan —xi =0.15, wO = 5um

* Following similar procedure Full Polar Distribution (v)
. h7
< 6 ntries
* Average electron energy after o OF ce oo
interaction = 14.06 GeV ->gamma ;7 | Std Dev e0s
- 27516 - xonr;an .988e+05 + 7.078e+
| _ Vo 23180.08 < 65450.0¢
e Xi/gamma =5.45 pyrad; 1/gamma = Sigma 0.05603  0.00054
36.34 urad 10 |-
» Std dev from Gaussian fit to polar -
angle distribution = 56.03 prad i
* Anticipated photon divergence =
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Ptarmigan —xi = 2.0, w0

* Following similar procedure

* Average electron energy after
interaction = 13.75 GeV -> gamma
= 26908

* Xi/gamma = 74.32 urad

» Std dev from Gaussian fit to polar
angle distribution =90.42 prad

* Anticipated photon divergence =
74.8 urad
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Ptarmigan —xi = 5.0, wO = 5um

* Following similar procedure Full Polar Distribution fy)_____

* Average electron energy after 3 f £ eniries e
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Ptarmigan — simulation xi vs estimated xi

* Reverse engineering of previous

method
* Taking sigma as the photon

divergence, calculate xi/gamma

d$S

. /
* Using average Lorentz gamma
factor of electrons, calculate

~ /0% — 02

-

estimated value of xi

* |deal
shou
simu

y, the estimated value
d equal the exact
ation value

Estimated &

n

¢ plot

1 2 3 4 5
Simulation &



Ptarmigan — particle xi

hhh

* Ptarmigan data also includes the Erties 385040
xi (a0) value that each macro- S 10 Vean 2489
S F

. . StdDev  1.179
particle experiences

* For peak xi = 5.0, distribution
shown on right

e Maximum xi value is 5.0, but
most particles see a lower value
of xi

e How to deal with this? =05 1 15 2 25 3 35 4 45
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Ptarmigan — azimuthal angle

Azimuthal Angle (y)
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* Expect azimuthal angle to be uniformly
distributed as laser is circularly polarised



Ptarmigan — Alternative angle measurement

* Rather than generate the polar and azimuthal angles, make a 2D
distribution of the x and y direction cosines

* Allows for independent measurement of xi in two orthogonal
directions — more similar to method used for profiler

e Estimated xi can be calculated using a weighted average of the two
measuremtents for circular polarisation

* For linear polarisation (not yet simulated), ratio of measurements van
be taken to extract value of xi



Ptarmigan —xi = 1.00

* Arccosine of each momentum Angular Distribution (y)
direction cosine expressed in o) N N
mrad E ik
m‘.}\

 Subtracted from pi/2 to centre 0
distribution at zero

40

* Orthogonal projections of this
distribution can be used to
estimated photon divergence 3
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Projections of direction cosine distributions

Angular Distribution (y)
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Extraction of xi

* Standard deviation taken from ¢ plot

Gaussian fitting used as photon
divergence

e Xi value found from
§~ ()4/05 — 07 :

* Mean gamma found using mean
electron energy like in slide 6 2

e Error bars come from error in
fitting and a nominal 10% error in
estimating mean gamma —
corresponds to £ 1 GeV 0

n
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Estimated £

Simulation &



Extraction of xi

* Weighted mean of x and y values of
Xi calculated to give estimated xi

* For xi less than 1, 1/gamma cone is
more dominant so don't expect a
good measurement of xi here

At larger xi, various effects occur

* Nonlinear photon interaction means
mean gamma becomes harder to
estimate and increases divergence

* Photon divergence lower than
Xi/gamma due to various impact
parameters of electrons*

Estimated &

III'_I._LIIII|IIII|IIII|IIII|

¢ plot

1 2 3 4 5
Simulation §

*see Blackburn, T. - Higher fidelity simulations of photon emission in intense laser pulses, pages 18 - 19 21


https://arxiv.org/abs/2103.06673
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FLU KA Spectrometer Geometry Old

LAN EX screens
Forward:profller pair (011) Electron beam dump |

Rear profller pair (2, 3)

Magnet yoke
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FLUKA Spectrometer Geometry - Updated

By ;
vom Approx location of profiler
i IP chamber and magnet i
: station
Al box and triangular
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200um Kapton window —
4cm from profiler station

WoIo

Single profiler station— 2
orthogonal plates

hLLo] 200y E10] {1010} 1010}
T =



Things in progress

e Spectrometer geometry has been updated and simulations are
running to test signal at profiler

* Aim to test 3 different profiler thicknesses —50um, 100um and
150um

* Begin investigating charge sharing effects and a more realistic output
from profiler after discussion of digitisation
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Fitting Data

e Standard function for fitting is a Gaussian

r — p)?
f(x) = Aexp [—( 255) }

* Another possibility is a Cauchy-Lorentz distribution — similar to Gaussian
but sharper peak A

14 (=) 2

e Positional parameters: mu for Gaussian (mean) and xO for CL

* Dispersion parameter: sigma for Gaussian (standard deviation) and
gamma for CL -> related to FWHM

FWHM = 20v/21n 2 FWHM = 25

flz) =
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E de

Example of fitting
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ALY

Comparison of goodness of fit

x2/v for fitting X distribution
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npixx

Location of centre of distributions

Position parameter of fits, X distribution
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FWHM (npixx)

Spread of distributions
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2D Distribution
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Summary

e Gaussian and Cauchy-Lorentz distributions can be used to estimate
the FWHM and hence shape of the energy distribution from energy
deposition measurement

e Cauchy-Lorentz gives a slightly better agreement to the shape

* Needs to be compared to the true photon distribution to determine
overestimation

* FLUKA simulations for profilers of different thicknesses still running

 Effect of strip width in profiler can be done by rebinning histograms
and re-running the fitting algorithm
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Truth signal

Ideal Signal Strip Deposition
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e 8000 — 12000 npixx
corresponds to
central =10.0 to 10.0
mm of profiler

* Range ~100 GeV
across central 2.5
mm

e Conversion from
npixx tomm -1
npixx width =
0.005mm
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Electron production processes

Electron Production Processes
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FLUKA background plots

* Previous results for background contained long (projected) particle
tracks in plane of profiler — problematic for energy deposition

* Two causes of this phenomenon

* Slight misalignment of magnetic field in FLUKA caused both vertical and
horizontal deflection of electron beam

* Difference in how beam dumping is handled in current FLUKA simulation
compared to GEANT4

* First problem fixed — results shown on next slide

* Second problem requires more detailed adaptions to FLUKA geometry
which affect background only, not the main signal simulations



GBP sensor 0 background - positron GBP sensor 0 background - photon

GBP sensor 0 background - electron
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FLUKA Beam Dump Geometry

* FLUKA simulation—
electron beam passed
through vacuum pipe
wallinto dump

 Magneticfield 1.2T
 16.5 GeV electrons
* Magnetlength
140cm
------------------------------------- = — * Deflection~30
rad
e GEANT4 simulation—
electron beam directed
through triangular fan
component rather than
beam pipe itself
* Reduces amount of off-
lc]_ U axis noise reaching
profilers

WOIO

W00
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GEANT4 Geometry

g




Summary

* "Truth" signal generated in detector deposits predominantly within
central 2.5 mm for all detector planes

* Track anomalies from FLUKA simulation accounted for — simulation
needs more detail to compare with GEANT4 simulation; currently
results only comparable for rear profilers (sensors 2 & 3 atz=11.8m)



GBP-MC Simulation Update

Kyle Fleck, Niall Cavanagh and Dr. Gianluca Sarri
08/03/21



Overview

* Analysed background on profiler due to electron beam colliding with
beam dump

* Managable S/B ratio on both pairs of detectors (total energy
deposition)
* S/B > 2 across central 2.5mm of plane for forward detectors
* S/B > 500 across entire plane for rear detectors



p (GeV/BX)

E_de

p (GeV/BX)

E_de

S/B Comparison

profiler_hits_edep_x_0 profiler_hits_edep_x_1 ° S/ B ratiO > 10 between
Signal 0 Noise 0 = Signal 1 Noise 1 ]
10 [ Entries 7599 Entries 625626 s Entries 6284 Entries 423502 npixx = 9800 and 10200
Mean 1.002e+04 Mean 9896 % 10E] Mean 1e+04 Mean 9876 .
Std Dev 631.5 Std Dev 1147 L] Std Dev 379.9 Std Dev 1161 for front profilers
¢L| Integral 40.06 Integral 9.552 e Integral 63.48 Integral 5.971 )
2 * Corresponds to a spatial
o I range of £1 mm
I - * S/B ratio > 2 between
102 - 9500 and 10500 ->
spatialrange £2.5 mm
i P PR PR | S Ll 14 n Pl | A | | i P i1 il
8000 8500 9000 9500 10000 10500 11000 11500 12000 8000 8500 9000 9500 10000 10500 11000 11500 12000 1
e o e S/B ratio > 500 across
profiler_hits_edep_x_2 profiler_hits_edep_x_3 entire d etector fO rrear
Signal 2 Noise 2 —_ Signal 3 Noise 3 . .
10 £ Entres 2751 Eves 1601 g [ ewes 315 gies 7| profilerpair
Mean 1.004e+04 M 1.016e+04 > Mean 1.003e+04 Mean 9912 . .
Std Dev 366.3 S1d Dev To74 3 Std Dev 351.7 Std Dev w0t | * Higher S/B ratio at front
;| Integral 79.05 Integral 0.02994 b= Integral 101.5 Integral 0.03504 .
g profilersdue to
w . .
o 5 proximity to electron
dump
102 102
10° A 1 PR R ST D SUraea Gt el 107 NI | T I DA A
8000 8500 9000 9500 10000 10500 11000 11500 12000 8000 8500 9000 9500 10000 10500 11000 11500 12000
npixx npixx
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Charge Collection Estimate

b_profiler_hit_x all detcut 0
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104
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romad
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b_profiler_hit_x_all defout 3

f== e n SELD iocon i0snn 19con 11500 iznan
LEd

EEQD EH SECD pLEH ] i0z00 1Lcon 19E00 1anon
L5y

* Rough estimate of charge
collected in each strip
(pC/BX)

Qe = neNep

* Collection efficiency
assumed to be 1.0

* From Marco's slides,
energy to create e-h pair
for sapphire =27.0 eV
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Particle Types

b_profiler_hittrack_gamma_pdg_ &

= Eninas 37977
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Seems that main
particles hitting
profilers are
 Electrons

* Positrons

* Photons

* Pions (+/-)

* Protons
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Particle Types
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Summary

e Still in process of analysing signal on profiler
* Want to look at electrons generated within each profiler by gamma
beam — this is "ideal" signal

* Main processes to consider photoelectric effect, Compton scattering, pair
production etc.

*Determine particle fluences on profiler



GBP- MC Simulation Update
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Overview

* Previous FLUKA simulations for entire forward spectrometer (PDS — photon
detection system) done for 1e5 primary electrons

e Higher statistics simulation in FLUKA still running, data should be available soon

* GEANT4 MC data exists for both signal and background for entire LUXE setup —
now includes beam profilers

* Profilers extend from —=50.0 mm to 50.0 mm in x and y; actual profiler size can be
determined by restriction =10.0 mm to 10.0 mm

* Background for 0.1855 BX

* For profilers, sapphire (Al203) composition
* Density=3.98g/cm**3
* Pixel volume =20.0cm/nx * 20.0cm/ny * 0.01 cm (nx, ny = no. bins in x, y resp.)
* Dose conversion factor: GeV/g -> Gy = 1.60e-7



PDS geometry (FLUKA)

WOID

YWOID

Profiler locations
indicated by red
arrows

Magnet region
marked by orange
dashed box
"VOID" is air
environment
Geometry
simplified in
comparison to full
GEANT4 geometry
e.g. No supports,
simplified electron
dump, simplified
LANEX screens
(green) and
Cerenkov detector
(yellow)
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Production Vertices

AN ey e PO ey ¢ Plots showing z

o E i production vertex of

ol ol particles incident on

of of- profilers

* Main component of

b o background comes

18000 ] Toooe 1 z{mznt::.m T 0 TR T 1!'@|_.lo_o"z{mi:}:m from Z — 70oomm _>
e ool etk 2 electron beam dump

ook S B = .| < Rear profiler pair also

wwf  Electron 3 see some

mop  AUMD N 1 backscattering from

200ag Shielding B . .

f / 3 shielding atz =

soof soof 12000mm

mﬁ"&ﬁ"'é"'ﬁ"ﬁiﬁm ﬁm‘ﬁ-ﬁl#ﬁl!m
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M par BX

M per BX

Transverse hits p

profiler_hits_x_ 0
=10 prafiler_hils x 0
00 Enlries  ZTHIAGE
Maan T8y
{80 Eid Dow 54886
nhagraliw) 1.5a+08

I I
O 2000 4000

Pl PR BTN U BT RN B AT ETE BRI A B AT TR
GO0 A000 10000 120001 J0001 G000 T S000S0000
npixx

profiler_hits_x_2

profiler_hils s 2

Enfrisa B4tz
Mhaan F i)
S Curw ERLl
Inbegeski & B Ve [

e o ey o by by e by e by ey ey by ey
0 2000 000 GO00 B000 000D 12000 140001 6000 TR000S 0000
npixx

M par BX

M per BX

rof

=iy’

ile (horizontal)

profiler_hits_x_1

oeafiler hits x

FTEE I ol oo by b b e b Ly e
O 2000 4000 000 BO00 10000 1 2000 000 | GO0 1 B

profiler_hits_x_3

npixx

prafiler_hils x 3

Erifis BI%0
Feann e
il Durw R

Intsenkal & Tdu &

Ev s o e o by o by o by by by e b g b
O 2000 4000 SO000 B0 10000 1 2000 000 | G000 1 B0

npixx

* For rear profiler pair,

hits distributed .
uniformly across profiler
in x direction

Due to air environment
and components of
experiment, forward x
distribution of hits not
distinguishable at rear
profilers

For front pair, number of
hits decreases across the
detector

Left edge (npixx = 0)
correspondsto edge
closest to electron dump
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M par BX

M per BX

Orthogonal hits proﬂle (vertical)

profiler_hits_y_| profiler_hits_y_1

z EET e * Uniform distribution
b wee, a2 of hits for rear

profilers

* Front profilers have
peak at npixy =
10000 ->y=0.0 mm

i EPENEES BFEETE BT R EPEErE SR AT S S N
0 ZO00 J000 GOoD ROOD 10000 12000 T J000 T 6000 T BO0T S0 T 2000 3000 6000 B000 10000 T S000 T 4000 16000 T SU00S0000
npixy npixy

orofer_hit.y.2 _ profler_hs_y_3 _____ *This corresponds to
w00 m j § wo m j the plane in which
== 1 | 7T <= electron dump is
eoo vertically centred
s

npixy nnixy 57



Transverse tracks profile

profiler_track x 0

M per BX

profiler_track_x 0

Enlries GEERRZI
Mean -14.78
Sid Dav 2B.546
Integral  3.712a+07

* {mim)
profiler frack x 2
E =4 Enlries 477094
g 22 Mean ~0.01205
= Sid Dav 2B.93
3 Irtegral 2.571a+06
1.8

M per BX

M per BX

profiler_track_x 1

profiler_track = 1

Enlries BYT1482

Mean —-14.67
Sid Dav 2B.67

Irtegral 3.65a+07

W 40 30 20 10 0 0 30 30 40 S0

profiler_track_x 3

* {mm)

profiler_Irack = 3

Enlries 476209
Mean —0.03353
Sid Dav 289

Integral 2.666a+06

—10 4] 10 20 30 A0
¥ {mimi)

=0 30 -20 10 0 1w 20 30 40

® {mm)

e Similar trend to hits
profiles

* Rear profiles have a
uniform distribution
in transverse
direction of
background

* Front pair is highly
skewed due to

location of electron
dump
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Orthogonal tracks profile

M per BX

JE LE

M per BX

24

2.2

profiler_track vy 0

4] 10

profiler_track_y 2

prafiler_rack_y 0

Enlries GRELEZ]
Mean —0.029%34
Sid Dav 25.37
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Mean —0.09266
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Spectrum of deposited energy

= 1012 profiler_hits_edep 0 H profiler_hits_edep 1 b f . I
é Entries 2782358 || Entries 1821746 nu m er O pa rtlc eS
::];,.} 1011 : Mean 1.727e-05 || Mean 1.823e-05 Which deposit |OW
(5' = Std Dev  1.725e-05 || Std Dev 2.56e5
: E Integraliw} 1.5e+07 || Integraliw} 9.821e+06 a m 0 U nt Of e N e rgy
ULIJ 1 01:} = profiler_hits edep 2 | | profiler_hits_edep_3
% © = Entries 8472 | | Entries 8150 ( E<0.2 M eV)
100 [ o pmem e 2ol e Total number of hits
S td Dev  6.514e-05 Std Dev  6.592e-05
- b Integraliw} 4.567e+04 | | Integraliw) 4.394e+04 g|ven by VvVa | ue
sl .
107 — Sensor 0 "Integral(w)"
N — Sensor 1
107 7} — Sensor 2
E — Sensor 3
108 |- |‘ [q ”_” ” P
E N L1 1 1 J_ 1 1 Ll 1 ]lTl H n |I-|:| 1 " 1 }{1 0_3
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Energy deposited (GeV)
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npixy

npixy

Energy Deposition

profiler_hits_xy _edep 0

20000 g profiler_hits_xy_edep_0
: Entries 2782358
18000 Mean x 7205
Mean y 9988
16000 Std Dev x 5474
14000 Std Dev y 5497
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profiler_hits_xy edep_1
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20000 g profiler_hits_xy_edep_1
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Mean y 9984

16000 Std Dev x 5585
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- Integral 1.79e+05
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proﬂler hits_xy_ edep 3

20000 | profiler_hits_xy_edep_3
= [ Entries 8150 |
| Mean x 9670 |
Mean y 1.026e+04 |,
.| Std Dev x 5731 |
1 Std Devy 5873
- | Integral

9007 |

Y oA N I DU KA it B SI MW B T TRt At

0 2000 4000 6000 8000

10000 12000 14000 16000 18000420000

npixx

E_dep (MeV/BX)

o (MeV/BX)

E de

* Front profilers
have a much
higher energy
deposition from
background due
to proximity to
electron dump

 Random/uniform
distribution of
noise apparent on
rear profilers
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npixy

Absorbed dose

profiler_hits_xy_edep_0

profiler_hits_xy_edep_0
Entries 2782358
Mean x 7205
Mean y 9988
Std Dev x 5474
Std Dev y 5497
Integral 10.49

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
npixx

profller hits_xy edep 2
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Entries 8472 x
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e Calculated from

energy deposition
map by dividing
by bin volume and
using scaling
factor from slide 2

For front profilers,
total dose ~1e-5
Gy/BX from total
energy deposited
in previous slide

Rear profilers
experience ~0.5e-
2 times this = 5e-8
Gy/BX
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p (GeV/BX)

E de

Energy deposition in segmented strips

Energy deposition per strip - 100um o NpiXX range from 8000
_ profiler hits edep x 0| | profiler_hits_edep_x_1
'E Entries 625626 || Entries 422502 to 12000 corresponds to
- Mean 9896 || Mean 9876 spatial range —10.0mm
- Std D 1147 || Std Dev 1161 :
107 = In’[tau;;rglLlr g 552 || Integral 5.971 tO loomm Wlth 200
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C|—5 2 Mean MGe+ ean . .
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'I | L if i | | e Rear profiler pair has
. |‘ ‘ energy deposition
10 ‘ ~0.0001 GeV/BX
|i |‘ “ I I‘ ‘ ‘ H * Total energy deposited
-5 ! . . .
105000 BSUD gnnn 9500 10000 10500 11000 11500 12000 over all strips is given by

NPixx integral value in GeV/BX
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Absorbed dose in segmented strips

Dose deposited (Gy/BX)

Dose deposited per strip - 100um * Dose calculated
— profiler hits edep x 0 || profiler hits edep x 1
107 = Enties 625626 || Entries 422502 from ene rgy
- Mean 9896 || Mean 9876 deposition in
- Std Dev 1147 || Std Dev 1161 previous slide
B Integral  0.001935 || Integral  0.001209 u Sing Volume Of
-5 .
10 each strip
- i . * Vol =2.0/200 *
- [— profiler hits edep x 2 ||profiler hits edep x 3
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107 " | — Sensor Saber 107 ||swoe  1001| ° Jotal dose can be
- |~ Sensor 3 Integral 6.063e-06 || Integral 7.096e-06 calculated from
i total energy
I 0l I (1 deposition over
T I ol G Tl entire 0.04 cm**3
| | | volume of each
L L, TR IR detector
_E | | | S | l L 1) o 1) | |1 Sl s LR 1 | 1
05000 8500 9000 9500 10000 10500 11000 11500 12000

NPIXX
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Summary

* Background has been analysed using GEANT4 data for 0.1855 BX

* For front profiler pair, background which deposits energy is expected
to be ~1e7 particles/BX

* For rear pair, background ~5e4 particles/BX
* Background deposition mostly low energy < 0.2 MeV

* Maximum dose per strip depends on profiler location (front or rear)
but in either location does not exceed ~3e-5 Gy/BX

* Flux and current response still to be calculated
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Background tracks
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Background tracks — vtx z in electron dump
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Background tracks — vtx_z in shielding
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