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Introduction



Parametrization of beam dump: Whyv do we need this?

 Need many BXs/events of simulated background samples to characterize the detector performances, otherwise the results are statistically
limited.

* We have used Geant4 simulation using LUXE geometry
e Simulation inside the beam-dump is computationally expensive.
* Limits the number of BXs we can generate.

 We only have 2 BX of e+laser background sample for TDR.

« Way out:

* Not properly simulate the dump in Geant4, but try to parametrize the response of the dump.
* This is faster by at least one order of magnitude.

e Can overcome the computation challenge.



Fast simulation strategy

© Disable the dump and replace all its “output” by source- -
like particles

YAt the tracker last layer
Y 100% of the neutron come from dump Recorded particle
*>10% of the photons come from dump
Y ~1% of the electrons and positrons from the dump

® Look at the dummy volume (sampling plane) located just

outside of the surface of the dump +x
d°N d°N  d*N
' dEar drd0,” de,dg,e,

= S~}

o Wwill plot (— and —N)

o Hererisjust \/ x? + y? , position parameter. dump center -\ j.
(x, y)

© 0, ¢, s the polar angle and azimuthal angle of the

momentum — representative of direction of the
particle.

: " - Displace the production to
© ¢pos is position azimuthal angle, Surface where particles the surface of the dump

and t is time. are recorded
© Later: generate from the sampling plane
according to these plots
» Use TH1D::GetRandom() and
TH2D::GetRandom2() (for variables that are . If dump is along z-axis, then r and
correlated) methods. s are symmetric.

 In actual LUXE geometry, there is

a shift - r and gbpas are asymmetric

there.
From Noam Tal Hod, WIS Collaboration meeting slides 4


https://indico.desy.de/event/35797/contributions/128572/attachments/76856/99190/FastSimDumpParametrization_September12_2022_LUXE_CollaborationMeeting.pdf

Dump in the LUXE Geometry



Schematic diagram of the dump in the LUXE geometry
o ilustration purpose, ot

in the Geant4 geometry
used in this talk.

O
X
X S
. Beam axis, Z
X 1.16 degrees ’
‘ )
Xp=-92.65mm
% In this geometry, no symmetry . - Dump axis, Z’
around the dump axis © <
: : = O
* X is where the dump axis < jo
: 0p)
crosses the sampling surface. < 0
. ©
% In LUXE coordinates, need to €
A Ann /p
separate out r (=\/Zx2 + yz)) 0 D o
S S =
*rUp when x > x, = S e
b b s Not to scale
N 7))
.*an when x < X ks s
% This geometry has only dump,
z=4125mm z=5450.25mm z=6621.91mm

the sampling surface and the test
surfaces
% No detector planes.



Strategy for FastSim in LUXE Geometry

. The symmetry inrand ¢

hos 1S UNavailable for the dump particles in LUXE geometry, we need to come up with

d*N
1.Plot > randomly draw x and y from this distribution.
dxdy

2.This gives r and ¢,

OS;
(ildepending on x > X, or X < X, we select ry;, or rp,.

d*N d*N | S dN -
and » given the r, we project this distribution on 6p to get —— (1D distribution)
dl’Upd@p ernde

P
d°N . . o dN o
4.Plot > given the ¢p we project this distribution on ¢p to get —— (1D distribution)

Adppdepps OS’ dg,

dN dN
5.Randomly draw 6, from — and ¢, from ——

p p
6,and ¢,

3.Plot

6. We have x, vy, ¢

pos’

| d’N dN dN
/.Energy and time can be randomly drawn from (for neutron) or | — and —— | (for photons).

dEdt dE dt



Plot labels:

* |n this talk there will be three types of plots compared:
1. FullSim - Distributions from full Geant4 processing of the dump

2. Fast Sampling: sampled randomly from the FullSim distribution at the
sampling plane.

3. FastSim - Geant4 processing where dump is replaced by particles
following distributions in Fast Sampling above.



Baseline distribution plots for LUXE geometry
at the sampling surface (z=6621.91mm)

% Plots used for sampling.
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Baseline distributions from FullSim in LUXE: neutron at sampling surface
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that are not interesting.



track y [mm]
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Baseline distributions from FullSim in LUXE: photon at sampling surface
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Comparison of FullSim and Fast Sampling
distributions from histograms at the sampling
surface (z=6621.91 mm) in LUXE geometry

% No z propagation in particles.
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Comparison of FullSim and Fast Sampling distributions at the sampling surface
for the LUXE geometry: photon
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Comparison of FullSim and FastSim
distributions at the :
Zz=5450.25mm

% Particles generated at sampling plane are propagated to test surfaces by Geant4.



A few 1D distributions between FastSim and FullSim: neutron at the test surface 1
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A few 1D distributions between FastSim and FullSim: neutron at the test surface 1
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A few 1D distributions between FastSim and FullSim: neutron at the test surface 1
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Distributions are looked at z=5450.25mm.

~ullSim and FastSim has comparable statistics.
~ullSim and FastSim distributions are matching quite
’ 5 : 5 | s s well.

10°2 —Mlsmodelmga ........................ g — % Mis-modeling in very backward particles

%% %

:::::::::::::;::::::::::::::T.'::QQmm _____ VQFY.._QQQKW@EC{ _____ j_________:::::§::::::::_:::_ (r < 100 mm at z=5450.25mm).
I P arth,l'e """"" fffﬁ;ff;f;ﬁ;ﬁﬁ;ﬁ'i'"f;f;f;f?f;ﬁﬁ;ﬁ:

IIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| L LU IIIIIIII| IIIIIIIIE

—l I'I"I"I"i"i"i"1"l"1"1"1"1"‘|"'I"'I' """"""""" l ll —]
1 — < | | | |
ElE ele 155 —
EL% ol o + B %% 1_%@%- RS AR G
. LI_ LI_ | ]

E [GeV] 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
r [mm]

1w



A few 1D distributions between FastSim and FullSim: neutron at the test surface 1

27 5in 6, d),

10

FuIIS|m

— Fast$|m =
------------- oo gytron S
' : : : | 2=545025mm

___________________________________________________________________ 220 T T

- Ener

— i=u||s|m

............................................................ FastS|m

neutron

z=5450: 25 mm

.............................................................................................................................................

..............................................................................................................................................

o= = = P .
> - _°'° oo'°'o-°-o'°'°_-° o 35 5000 00CT00Y FoHVeST, D '°-o°'-°°o-¢_ ++
o hd +
Red

Fu Si
................ IImVer 7]
P FastS|m
' energetl =

neutron

=5450: 25 m

—
_ O1 N =

FullSim
FastSim

ESPTIT ———
211111111111151111111111jjii:;jjjjjjjjjl.'jjj;jijijijijjjjiij;j1111111111111151111111111jijij:11111111111111511111111jjiiij;jijijijijijijigjijijijﬁjiji:

— FastS|m §

1 dN =
———/binWidth

2nr dr

L i modeling At re e

— ------------- 1 OOmm very baek-vv-ard—-----§ ------------ .
— --------------- — — D‘&I’TIC|€S ------------------ s

4
£ £ 1.5 %—Jﬂﬁ +++ b0 ¢¢¢ o T
(é) % 1 ---------------- Q¢:>-Qo- Q-Qom‘“’gegoﬂ -om-%ﬁw -'“ 6005 a) '°"8 '09 “")‘0 W 0053_0
Sl ©
e [T

0.5— ]

0 50 100 150 200 250 300 350 400 450 500
r [mm]

1w

}

-

2,

J IIIIIIﬂ] IIIIIIﬂ] IIIIIII!I_
%n:’

IIIIIIlI] |IIII|lI] IIIIIIIﬂ_

Fuuslrﬁ
ow

neutron

zZ= 5450 25 mm :

crr 7/ 17T 71 71T T+ T T T T
glg -9~ 0 N
2% 1‘9600%“’9-00"9%202 92062292, - - 22200000 QP00 0002277 % 0ce-|
I 0.5— —
O I

Distributions are looked at z=5450.25mm.

-ullSim and FastSim has comparable statistics.
~ullSim and FastSim distributions are matching quite
well.

% Mis-modeling in very backward particles

(r < 100 mm at z=5450.25mm).

% Problem may be because we have very few
forward particles in FullSim to sample the
distribution from.

% We can modify the Hp (direction of the particles)

% % %

such that this problem is resolved.



A few 1D distributions between FastSim and FullSim: neutron at the test surface 1
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A few 1D distributions between FastSim and FullSim: photon at the test surface 1
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A few 1D distributions between FastSim and FullSim: photon at the test surface 1
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Comparison of FullSim and FastSim
distributions at the , Z=4125mm

% Particles generated at sampling plane are propagated to test surfaces by Geant4.



A few 1D distributions between FastSim and FullSim: neutron at the test surface 2
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A few 1D distributions between FastSim and FullSim: neutron at the test surface 2
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A few 1D distributions between FastSim and FullSim: photon at the test surface 2
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A few 1D distributions between FastSim and FullSim: photon at the test surface 2
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Summary and Outlook



Summary and next steps:

e Distributions between FastSim and FullSim are compatible at different distances
for LUXE dump only geometry.

 Shown comparison plots from test surfaces at z=5450.25 mm and at
z=4125mm.

* Residual mis-modeling - source of systematic uncertainty.
 Mis-modeling in very forward particles

* This is because the FullSim sample is statistically limited in this region.

« Plan is to modify the direction 6’ to match with FullSim before
sampling.

* Work on-going.

 May shift to Generative Adversarial Network for better result.

« The Network should be able to handle the mis-modeling of Hp.
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Thank you!
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Different particles generated from dump: FullSim result
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https://indico.desy.de/event/33847/contributions/119752/attachments/72415/92843/FullSimParameters_TrackerPlots_Mar14_2022.pdf

Simulation for dump only geomet

 We had 0.0056 BX of dump only simulation - FullSim previously produced by
Sasha

* That geometry had only the dump, and then four particle recording planes.
* Electron beam of 16.5 GeV directly hitting the dump
* This dump is made of Aluminum and Copper

* The origin is at the center of the dump.

 We look at FullSim distributions from z=-350mm (sampling surface), as
this is closest to the dump face.

* There are test surfaces which record particles at z=-5000mm,
z=-10000mm and z=-15000mm.

* |n this talk there will be three types of plots compared:
1. FullSim - Full Geant4 processing of the dump
2. Fast Sampling: sampled randomly from FullSim distribution.

3. FastSim - Geant4 processing where dump is replaced by particles
following distributions in 2 above.
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Baseline distribution plots for dump only
geometry
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Baseline distributions from FullSim: neutron at sampling surface
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Baseline distributions from FullSim: photon at sampling surface
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Comparison of FullSim and Fast Sampling
distributions from histograms at the sampling
surface
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% Fast Sampling distributions are those solely
prepared from FullSim histograms.
% They are not processed by Geant4.
% These are what fed to Geant4 for FastSim
preparation.

Variable binning

% Comparison of distribution at sampling
surface for neutrons

% This is the point from where the FastSim
distributions were created.

% Agreement is very good within the
statistics.

% The good modeling between FullSim and
random generation is a sanity check.

N

Slight wiggle for very
backward particles
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Comparison of FullSim and Fast Sampling distributions at the sampling
surface: photon
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Comparison of FullSim and FastSim
distributions at the test surface, z=-5000mm



A few 1D distributions between FastSim and FullSim: neutron
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Distributions are looked at z=-5000mm.
FullSim and FastSim has comparable statistics.
~ullSim and FastSim distributions are matching quite
well.
% Higher energy tail for FastSim - not very
concerning.
% These neutrons are not very likely to generate
shower in the calorimeter.

% Neutrons are invisible in the tracker.

% Mis-modeling in very backward particles

(r < 300 mm at z=-5000mm).
% This can be source of systematic uncertainty
in FastSim.
* Need to see what the situation is for LUXE
geometry.

%% %




A few 1D distributions between FastSim and FullSim: photon
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Dump geometry translated to LUXE
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ep [rad]

rvs 6’p distributions without phase space weight: FullSim at the sampling surface
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1D distribution of photons : FullSim at the sampling surface
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Correlation with time: neutron

E [GeV]

Less energetic
neutrons move
slowly
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dump_plane_bkg_time_track_theta_neutron_weighted_cut
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% Time for neutron is generated from E vs t 2D plot



Input tree for Geant4 simulation

» Putting the distributions in tree branches for Geant4
input

e The name of the branches are same as the Tracks tree
used by Sasha

e Branch detalls:

Int_t eventid;

vector<int> trackid: —— For photons and neutrons, track id from 0 to number of generated particles.
vector<ints detid; - detid==-10 —> assignment to particles randomly generated from dump distributions
vector<int> pdg;

vector<int> physproc; __p physproc==7000 for particles randomly generated from dump distributions.
vector<double> t; —» Randomly generated from dump distributions

vector<double> vtxz;
vector<double> vtxy;
vector<double> vtxx;
vector<double> E;
vector<double> px;
vector<double> py; — Randomly generated from dump distributions
vector<double> pz;

vector<double> theta;

vector<double> phi;

Double t weight; —Pp Wweight==1, for background particles
vector<int> ptrackid;| — ptrackid==-10 —> assignment to particles randomly generated from dump distributions
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Events

The normalization in FastSim: photon

Y drawing r and 6’p from unweighted r vs Qp plot

- /2
FullSim/photon and FastSim/photon FastSim, falls as ~1/7

® photon (FullSim) @ photon (FastSim)

5000000 Starting point of
\ simulation, sampling
6000000 surface... Fixing the
normalization only
here.
4000000
2000000 FullSim, falls as~1/r*
o—
0
-14 -12 -10 -8 -6 -4 -2
Distance [m]
FullSim FastSim
Distance [m] lphoton photon (FullSim-FastSim)/Fullim (%)
-0.35 7696824.7 7696824 0.000009094659518
-5 3423511.6 3409093 0.4211640469
-10 1642582.5 1620353 1.353326241
-15 957161.6 937693 2.033993006

% The momentum azimuthal angle distribution looks similar between FastSim and FullSim.

% The photon normalization looks okay at different z "
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Q
2 < N [Tyt
o 18000—__ Entries  7.696825e+07
Qé C e Mean 2.302
— ' 16000 s Std Dev 0.4656
R —
@\ -
14000 —
12000/ — _ IS
10000— e ,
: -ﬁ"“‘—-\._wﬂ-—" g
8000—
6000|—
4000 FullSim, at sampling surface
2000}— 0
u p
- 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 b |
96 1.8 2 2.2 2.4 2.6 2.8 3 3.2
8, [rad]
> o dump_plane_bkg_track_theta_photon_weighted
VE % dump_plane_bkg_track_theta_photon_weighted
< 18000 __M.“ Entries 7696824
_|.e N e, Mean 2.302
% 16000 B StdDev  0.4656
N — .
14000— -
- Looks okay!
12000— - ) +«++*+*+*+++++++ﬂl
10000 T -
8000—
6000—
4000— : .
- FastSim, at sampling surface 0
2000(— P
0 [ | | | I | | | I | | | I | | | I | | | I | | | I | | | I | L3
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2
6, [rad]




The normalization in FastSim: neutron

=
. - S
K drawing r and Qp from unweighted r vs Qp plot
FastSim, falls as ~1/r?
FullSim/neutron and FastSim/neutron
" @ neutron (FullSim) @ neutron (FastSim)
‘= 1250000
O
>
1Ll
1000000 v \ Starting point of
simulation, sampling
750000 surface... Fixing the
normalization only
500000 here.
250000 FullSim, falls as~1/r” 2
.—'
0 —
-14 -12 -10 -8 -6 -4 -2
Distance [m]
FullSim FastSim
Distance [m] lneutron neutron (FullSim-FastSim)/Fullim (%)
-0.35 1076188.8 1076188 0.00007433639897
5 499001.4 494407 0.9207188597
-10 213871.6 207697 2.887059338
15 107177.5 101932 4.894217536

% The momentum azimuthal angle distribution looks similar between FastSim and FullSim.
% The neutron normalization looks okay at different z 51
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