CE/RI_\IWI
\
N/ S

Fast Simulation in ATLAS

Hasib Ahmed

February 17, 2020

Y Ho
< > AT &

&




LHC / HL-LHC Plan

‘; \: Towards Run 3 and beyond

Significant increase in integrated luminosity and number of
collisions per bunch crossing in Run3 and Run4

Luminosity

£
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EXPERIMENT

LHC
Run 1 | | Run 2 Run 3
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13-14 TeV
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Increasing luminosity imposes greater requirement on
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’ Data Analysis Framework

Event
Generation
A ATLAS
- \\ Calo (78%)
overlay p times
individual
detector
simulated events
to emulate pileup
\\ ’) Other (4%) [Muon Sys (2%)

Detector Simulation:

4+ ~ 80% of CPU spent in calorimeters MC Detector
Simulation
4 Dense hit content in inner trackers
Digitization:
4+ Large number of inner tracker readout channels
4+ Complex modeling of readout emulation

MC Reconstruction

Group Production

Reconstruction:

4+ Pattern recognition (combinatorics) function of average pileup

User Analysis Other 3



Pileup Overlay

- ROOT

Data Analysis Framework



How to speed up simulation

Sacrifice accuracy and precision for speed

+ Assume simplified geometry
+ Optimize particle transport and navigations

4 Parameterize detector responses

CPU CONSUMPTION

high c
. \ i |
o X
53
25
Frozen Showe. e
o D
i)
55
Atlfast-1l / GFlash ol

Atlfast-I / Delphi

low

HIERARCHY ACCURACY

physics object
creation



Integrated Software Framework (ISF) @

Break the simulation hierarchy by combining Full & Fast
simulation in one event

LA

Calorimeter
default FastCaloSim

4 Choose different simulator for :

v particle

v sub-detector

v interesting cone and region
of interest (Rol)

4+ Save CPU time and keep high
accuracy for interesting data

+ Compatible with multi-processing s
particies in cone
(MP) and multi-threading (MT) o o aotron:

use Geant4

example ISF setup




Run 3: 50% of the simulation with FastCalo sim

Run 4: 75% of the simulation with FastCalo sim

Annual CPU Consumption [MHS06]
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- Run 3 and HL-HLC CPU Projections

* ATLAS Preliminary

CPU resource needs
= 2017 Computing model

2018 estimates:
v MC fast calo sim + standard reco

* MC fast calo sim + fast reco

» Generators speed up x2
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Year

ATLAS Preliminary. 2028 CPU resource needs
MC fast calo sim + standard reco
MC-Full(Sim)
MC-Full (Rec)

MC-Fast (Sim) Data Proc

Analysis

MC-Fast (Rec)

EvGen

ATLAS Preliminary. 2028 CPU resource needs
MC fast calo sim + fast reco, generators speed up x2

MC-Full(Sim)

Data Proc

Analysis
MC-Full (Rec)

HI
MC-Fast (Sim)

MC-Fast (Rec) EvGen



ATLAS Calorimeter coverng [nf<4.9 £

Materials: TL
Liquid Argon + Lead, or copper
or tungsten

Tile Cal: Steel + plastic

Tile barrel Tile extended barrel

LAr electromagnetic
end-cap (EMEC)

The dashed tracks

;
A are invisible to
Neutrino

LAr elecromagnetic

barrel ';
LAr forward (FCal) ; ~7 the detector

# Readout channels: ~190 k in total
# Samplings (“cell layers™): 24

EM shower:
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Heavy fragment
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Wider, slower, larger fluctuations



AT
Instead of simulating particle interactions, parametrize the
detector response of single particles

- N ———
Use e/v to represent EIeCtrO Magnetlc -‘!iEXPERIMENT | 7 Rion

shower

&' Fast Calorimeter Simulation Principles @

Use charged pions to represent
Hadronic shower

Parametrize the longitudinal and lateral
shower development

Use the parametrization at simulation step to deposit energy in
calorimeter cells using simplified geometry

Needs to be memory efficient and provide good CPU and
Physics performance



N FastCaloSimV1 as used in Run1 & 2 @

EXPERIMENT

Longitudinal energy parametrization:

4+ For each particle, energy and |n| parametrize total energy, energy
fraction in each layer as a function of shower shower depth

4+ Correlations between the energy deposits in all layers stored in
correlation matrices

4 During simulation randomly draw an energy value and energy

probability density [arbitrary units]

fractions from the stored 2D histograms

| A PR I s S SR TR SR T T
300 320 340 360 380
longitudinal shower depth [mm]

r= Ao [mm]

Lateral shower shape parametrization:

4+ For each bin of shower depth, the average lateral shower shape is
parametrized using a symmetric radial function modified centered
around the impact point

4+ A asymmetric term is used to modify the symmetric function for

particles entering at large incident angle

7200 -100 0 100 200
r# Am [mm]

4+ During simulation the energy of a cell is determined by the integral of
the shape function over the cell surface area

Good average shower description, poor modeling of
substructure variables

Provides 10x speed gain compared to Full Geant4 0



FastCaloSimV?2 @

Successor of FastCaloSim, to be used in bulk production
in Run 3

parametrization grid

(62}

4+ Geant4 simulated single particles: e, y, 7™ 3 particles: e, Y, T*

o
(@)]

N :

without noise and cross-talk

w
(¢}

w .

4+ Single particles starts at the calorimeter
Total of 5100 samples for

surface (not at the detector center) PV at 7z = 0

4+ Eta grid: 100 bins in size of 0.05 covering

—
- o N C

17 energy points 64MeV to 4 TeV
022

0<|n|l <3
+ Energy grid: 17 bins from 60 MeV - 4 TeV

o
3

N
(&
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

o
=N

o

100 eta points with a slice of 0.05 Ml

Energy [MeV]

Challenges:
+ Improve physics performance significantly
+ Stringent memory requirement on the parametrization
+ Maintain / improve on the speed gained by FastCaloSimV1
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: ): FastCaloSimV2: Dimensionality Reduction @

EXPERIMENT

Dimensionality reduction and energy decorrelation
using Principal Component Analysis (PCA)

|||||||||||||||||||||||||||||||
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:>j - é‘gﬁf YS |r|1;:é:t|g:\l/> r: I;:mi(r)yzs ] § 1.2~ ATLAS Simulation Preliminary — § 450; ATLAS Simulation Preliminary E
= S00F ' s ' E ® | Geantd,y, E=65GeV, 0.2<ki<0.25 1 @ 400F- Geantd, y, E=65 GeV, 0.2<h|<0.25 =
E © H* £ E
2501 E s 350F 3
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1o0f E o4 200 E
50E L 150 =
E | 021 100 =
C | o] B 7
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Y0 01 02 03 04 05 50E E

Energy fraction in EMB1 A B B

03....J A P s
-5 4 -3 -2 -1 0 1 2 3 4 5

Transformed energy fraction in EMB1

Cumulative energy fraction in EMB1

. % L L L L L RN
G4 simulated Total SRERS S ~ ATLAS Simulation Preliminary ]
LTINS i ity s o 1 @ S Geants, y, E=65 GeV, 0.2<hi<0.25 E
E-n grid each layer ** - : e _ .
- 250j : : ---- Bin borders —
2001 -
Ist PCA to 150 E
divide > 5 E
Geant4 dataset 100; ]
50 =
; } 3

1O

»

Longitudinal Lateral Leading principal component

parametrization parametrization
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: FastCaloSimV2: Dimensionality Reduction

Before PCA:

50

@ 6—ATLAS Simulation Prellmmary . *2 @ [ ATLAS Simulation brellmlnary ] *2 a —ATLAS Simulation Prellmlnary R *2
= [ Geant4 ] [} = [ Geant4 1 145 © S [ Geant4 1 =250 &
w > w > w >
> L 1 35 * - F ] * - F ] *
> r ] S f 1 35 S F 1 200
s 2 - 30 S 2r 7] e 2 E
_g C 1 s o L 1 —30 o [ 1 150

- 4 — i) = R ko] - 4 —
£ o . g o 7 %5 g o 7
s P s - 120 s 1 100

B 7 [2] B . 7 1] B n
§ -2~ 15 § 20 B s § 2 -

L ] = F ] A ]

i 1810 i ] i . i

_4_— — _4__ . . 10 _4__ 850
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(a) Presampler vs EM Barrel 1 (b) Presampler vs EM Barrel 2 (c) EM Barrel 1 vs EM Barrel 2

After PCA:
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(a) First vs second PC (b) First vs third PC (c) First vs fourth PC
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Perform additional PCA on each bins of 1st Principal

Component
. MZ f additional PCA
EIEN for further
] decorrelated o
dataset &
““““““““““““““ - % 0.9
Leading principal component % 0.8
i 0.86
Total energy response is 084
interpolated using a spline 082
0.8
Simulation:

|

TR mm
5

Energy Parametrization and Interpolation

AR ' R oo
- ATLAS Simulation Preliminary
Ty, 3.15 < Il <3.20 E
- . Geantd
— —Spline -
- llll lIII IIIllI lllll;
10° 10* 10° 10°
particle energy [MeV]

14



2
c
[
>
I}
3+

—
o
o

10

ATLAS Slmulatlon Prellmlnary n- E 1048 GeV

g_ -¢ Geant4 4 Fcsve  0.20<hi<0.25 _g
. f*‘. 1
: N
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%
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e on e

OO 400 600 800 1000 1200
total energy [GeV]

N

10°
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10

I 3
ATLAS Slmulatlon Prellmlnary v, E=1048 GeV ]
-¢ Geant4 4-rFcsve O 20<mi<0.25 ]
° =

107"

0 02 04 06 O 8 E
Energy fraction in EMB2

—

o
©
a

o
©

0.85

0.8

ATLAS Slmulatlon Preliminary

v, 0.2<m|<0.25

<> Geant4 (mean = rms)

+ FCS V2 (mean = rms)

10° 10*

10°

10°
True energy [MeV]

Energy Parametrization: Toy Validation

)

TL

EXPERIMENT
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Simulated energy / true energy
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=l i i L | | |
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0 0.5 1 1.5 2 2.5 3 3.5
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Lateral Shape Parametrization @

EXPERIMENT

Construct average lateral shower shape for each: particle,
energy, eta, calorimeter layers and bins of 1st PCA

y, 265GeV, 0.55 < Inl <0.60, EM Barrel 2

||||||||||||||||||||||||

ylmm]
3

utilize symmetry
>
co-ordinate transform

Normalized to unity

—
S

_0'98.02—0.015—0.01—0.005 0 0.005 0.01 0.015 0.02

ATLAS Simulation Preliminary An
-80-60-40-20 0 20 40 60 80

ATLAS Simulation Preliminary X [mm]

During simulation draw N, ... randomly N
toy simulation

Deposit: Ey;; = (Ejgyer/ Npirs) X weight

v, 65 GeV, 0.20 <l <0.25, EM Barrel 2
I T

weight depends on the radial position .
of the hits 1

|| ] | | ]
-0.1 -0.05 0 0.05 0.1
ATLAS Simulation Preliminary An 16



Random Fluctuation @)
ATLAS

EXPERIMENT

Individual showers are different compared to average

Extremely important to model such fluctuation esp. for pions

Use Intrinsic resolution of the calorimeter to draw Nhits

Sampling Uncertainty stochastic term

z y, 265GeV, 0.55 < Inl < 0.60, EM Barrel 2 > (e_g_ for EMBZ):/V
= 2 E 'c — .
= 6ol : . 10 % AN
1 0—2 _-05 GE z // e e \\\
qN) // \\
= \/E //‘ . .
g / : . o.-. o. ° \\
< | :. K o .‘.
10 '\ ‘e “..:" "
\ e /
\\\ : ° /,/
\ /
\.\ //
1 0—4 \\ // /
] layer 1 N /’/
80604020 0 20 40 60 80 N y ~ Poisson — I
ATLAS Simulation Preliminary X [mm] O'E

The stochastic terms are dependent on: particles,
calorimeter layers and n - calculated from special samples
with energy deposits both in active and inactive materials

17



Correlated Fluctuation @
TL

EXPERIMENT

Random fluctuation doesn’t include longe-range
correlations of energy fluctuations across cells cells

Photon event is
very similar to
average

Photon 35
Event/Avg. 3

Average

Cell En&(gy Ratio

Modeling these correlations
well is important for modeling
jet substructure

Aver;ge Cell Enmergy [MeV]b

Pion
Event/Avg.

Pion
Average

w
o

w
Cell Energy Ratio

Reconstruction

. lboost > sub-clusters

0.5
. . - 0 at rest fatjet

ATLAS Simulation PrelimMary

N
[¢)]

N

ry
o

Aver;ge Cell Enwergy [MeV]b

Energy ratios of single Geant4 events to
their average shapes in a grid of 5x5 bt :
] 10n event 1S very
calorimeter cells for EMB2 different!
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B\ Correlated Fluctuation with Multivariate Gaussian )
| ATLAS

EXPERIMENT

Use voxalized single pion shower / avg. shower cell as input

Cumulative
Dists.

Gaussianized

1. Construct CDF .

from input
distribution I n p UtS
2. Uniformize by ~ e
sampling from .
CDF (CDF(x) for
each x value in =
input) 520.0 B A :
Cumulative

Dists. n-dim Gaussian

h (h means, n X n

covariance matrix)

3. erfinv(uniform)
= Gaussian

Generative Model

19



Correlated Fluctuation with Deep Learning @

EXPERIMENT

Use Variational Auto Encoders (VAE) with dense layers

Input Reconstructed input
Voxel
ratios - H \ Vo?(el
8*9 —> Z > > > ratios
nodes / o9
O 2 10 nodes
< —
— z:p-{-o’*g \ /
e ~N(0,1)
Noise
per o
voxel T T §
wes/g e T 4
~~ ReconstructionLoss + LatentSpaceloss
Cross entropy Penalty on the latent
(Input, Reconstructed Input +Noise*9) space to get the
for rand‘om 9~N(0,1) distributions of z
fluctuation

Gaussian

20



" Correlated Fluctuation: Toy Validation @

8_8—'"1"'|"'|"'|"'|"'|"'|'—
g N Geant4 Input _
% s——F— No Correlated Fluctuations —
g E —F— With Gaussian Correlated Fluctuations .
:% 4——4— With VAE Correlated Fluctuations —
e u 1
o) 2— I I
S m |
. |
0_— |
~ ATLAS Simulation Preliminary ]
2%, E =65 GeV, 0.05 < Iyl <0.10, pcal, EMB2 =
i W ST SR [ TR SN S AT TR T SR R ST ST TR N SR ST SUN SN SR S S R S SR S R —
mn 15 [ -
= - :
E L v A W — S \ Uil = 8_ 6~ I O B L B B e
2 os J = Geant4 Input =
2 , , , | | | R >E—F— No Correlated Fluctuations E
o 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 (o)) — . . . =
Distance from Shower Center & 4E —F— W!th Gaussian Correlated FIu_ctuatlons -
%’ s—=%— With VAE Correlated Fluctuations 5
2 LE i
0 — | I
T 4 f
o — | I
O . . - i
= ATLAS Simulation Preliminary
= n, E =262 GeV, 2.20 < Inl < 2.25, pca5, EMEC2 .
2= v vy by by by by by by ] e
w 15 [ ]
S [ ]
o TR e —
< -
9 0.5
S
T 0 0 002 004 006 008 01 012 044 016 018 02

Distance from Shower Center
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EXPERIMENT

Electromagnetic calorimeter have accordion structure ...

ing
4540.05

Wiggle
function

Displace each hit
to correct for
accordion geometry

the probability that a hit belongs to a neighboring cells

No accordion correction, EM Barrel 2 Accordior|1 correctiorln EM Barrclal 2
I I I

= & = 0.1— — o)
3 01 1.4 E’) 8“ 14 21;:
y (0]
S 15 = 2 13 =
£ 2® £
too much g 0051 S § 0051 ol TP
= c D=3 c
< 11 ®©
energy \ - 1 § 8
1
08 5 09 B
06 @ - N © 9
Cnergy - 0.4 S 0.6 S
n
| = - & _ ! . ! !
0.5 005 0 0.05 0.1 T 0b1 005 0 005 01 O°F
ATLAS Simulation Preliminary An(particle, cell) ATLAS Simulation Preliminary An(particle, cell)
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Photon Validation

)

TLA
EXPERIMENT
TFCSparam dev_ Oct2019 CHEP
— 004 TFCISparam dev ?ct2019 CHEE’ 1(—) T E
<] - ATLAS Simulation Prellmlnary . = 0.035E ATLAS Slmulatlon Prellmlnary -
§0.0351 4Gy E I - E - 16.4 GeV I :
E’ 0.03 f—y 4 <_h1| <0. 495 Moan=16.374:0.004 E £ 003504 < [ < 0.45 Mean=(9.484:0.007)x10°
5 - . S - FCSV2 =
é 0.025 — + _+_ II\:/I%SrY 216 325+0.004 g 0.025 - _+_ Mean=(9.481£0.006)x10
= - ] c - -
L%) 0.02:— B L%) 002E $ ;‘ E
0.0151~ 41% = 0.015 ¥ E
: <'.>++ ? - - % .
0.01F- & W - 0.01F- =
0.005- qgﬁ’ 02%‘3 - 0.0055 ¢ o E
- . | C *0 .
q . R W A T O: ] 1 1 | 1 1 1 1 | ] 1 1 1 | -
5 185 16 165 17 175 18 0.008 0.009 0.01 0.011 0.012
Reconstructed photon energy [GeV] weta?
3: - I l ; I l I I I I I I l I I l I I I I I I I I l = - — | I T 17T I T T T1TT I T T T°T | T 17T I L I L I 1T 17T T4
o | ATLAS Simulation Preliminary —- FullG4 7 = FATLAS Simulation Preliminary — FulG4 -
10? - v, E=65 GeV, 0.20 < n| < 0.25 ~+- G4FastCalo 10 v, E=65 GeV, 0.20 < fn| < 0.25 -+ G4FastCalo —
B » -i _ L = ¢ _
101 b . 10 * 3
- - . = = +- -
: | et . . L ]
1 | 1 | i -
= (] ] E : | a -
- S . - : § ; _
B | i | i T L 7] 0—1 NS BN | PN T T N T T A T M T B 1L
092 093 094 095 096 097 098 O. 99 1
0.94 0.95 0.96 0.97 0.98 0.99 1
Reta = E(3x7)/E(7x7) in EM Barrel 2 Rphi = E(3x3)/E(3x7) in EM Barrel 2
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Pion Validation )

— . : .
o - ATLAS Slmulatlon Prellmlnary G4 ] — - ' S L
o [ 1%, 65 GeV, 0.2<m|<0.25 -4~ FCSV2 B i) - ATLAS Slmulatlon Prellmlnary+ ]
ﬂ‘-) 1 =3 m=fe- FCSVZ, corr. Fluct. = o] - 1t 65 Gev 02<h’]|<025 - FCSV2 i
= R i - o I ’ ---%-- FCSV2, corr. Fluct. _
g T e ] N
5 4ol == i g 107 E
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= * T = 107 E
e 10 E = - X ]
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0 50 20 50 80 100 0 500 1000 1500 2000 2500

shower depth [mm]

cluster energy [GeV] 24



% - Memory Optimization @
Y TL

EXPERIMENT

Replace high memory consuming histogram(ROOT:: TH2)
classes with efficient custom classes

Algorithm developed to perform optimized rebin, interpolation
between bins and representing bin contents and bin edges in
reduced (e.g. 8-, 16-bit) formats

shower shape in
radial direction

105 T TTT T T T TTTT .
£ | | Parametrized shape:
g 10% m Parametrized shape 1200+ bins of Smm
2 = —— Optimized shape .
5 10°E - 43 Kbytes in memory
G =
10°E
10
S Optlmlzed shape:
= 15 non-uniform bins in the same range with
107 interpolation inside each bin
16-bit for bin edges

10_2; ATLAS Simulation Preliminary

- 32-bit for bin content
- 353 bytes in memory!

10°
= T E=2TeV, 0.20 < n| < 0.25

104

III| | | IIlIII| 1 | IIIIIII
10 10? 10°

1050
R [mm] 25



CPU Performance @

Single particle simulation compared to Geant4 and
FastCaloSimV1

1 [ T | [ [ [ [ [ [ T |
| ATLAS Simulation Preliminary

_$Geants y , 0.20 <yl <0.25
$-FCSV2

L 4 AF2 (FCSV1)

Particles are generated
on calorimeter surface

—
(@)
N

[ TTTI

| IIIIIII|

‘0
E
s
O
S~
O
=
-
al
@
O
o
o
O
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C & ® Geant4

Energy [GeV]

26



FastCaloSim with Deep learning : DNNCaloSim @

EXPERIMENT

Can we train deep networks to approximate showering in Geant4 ?

models integrated in
MC production chain

y[mm]

Single photon Learn Shower
G4 events Simulation
Ey € {2..262} GeV VAE or WGAN

18102

Normalized to unity

‘ 107

- 1 10
_80__ = = ]
-80-60-40-20 0 20 40 60 80
ATLAS Simulation Preliminary X [mm]

Use cell-level informations or
voxalized hits (as in FastCaloSimV2) (73)

A deep network could learn:
- energy correlations

- correlated fluctuations How big would the network be ?
- Interpolate between energies CPU performance ?

interpolate between n Physics performance ?
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Variational Auto Encoders

train with cell level information

Latent space (5 dim.)

Encoder Decoder
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' ’ - Generative Adversarial Network (GAN) @

EXPERIMENT

Use a WGAN with gradient penalty

train with cell level information

Generatol

m 110 srzassrTE
: ] © < 4
ryeren—— o " 08+ || Generated < ATLAS Simulation Preliminary + Geant4
E’gg ‘é’%‘g gmg shower _g Y, 0.20 <Inl <0.25 [IJ GAN
o< L~ Layers O o 8o 2 =
/ QY ol y ety W 7 o5lx°/ndf= 6.1 (GAN)
Particle energy ‘ ‘ ‘ ‘ E
Calo. config. =
Impact point LL(,In
[
1.00¢ -
— - — [ H] H] H] H] H]
piscriminstor|| 5@ | |82l 1391 |59 ) 0.95r ¢ | ]
Iscriminator 5 = = = G t4 '
output|| § =3 283 83 283 simulation
® C o C o C o
0.90}
Discriminatol GP =10
0.85¢
— - -
L ~ O g O g O g O
E Discriminator || 5, @ Z 0 Z =0 ZHo | \1
output | | g a Eooa gooa gooa e 0.80 R R R
® C C o C o 1 10 100
R T —ig Etruth [GeV]
E Discriminator -

GAN trained with hit level information shows very good
agreement even in pions - results coming soon!
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TL

> DNNCaloSim Validations @
= Models integrated in ATLAS MC Production Chain ™"

02/10/2019

%, AR R R R R R R AR R R ] 02/10/2019
S . ATLAS Simulation Preliminary ~ -¢ Geant4 - *E 0.35 Co e
o - 1 GAN 7 S £ ATLAS Simulation Preliminary -¢ Geant4
T 02 v,0.20 < <0.25, E=16.3GeV — £ = =
. - m . B %3 1 0.20< <025 E=25.0Gev T GAN
© _ - 2 C ]
e B - © 025 -
- i Z 0'25_ . _E
0.1— — 015 —
: : oo E
0.05/— — - .
B ] 0.05— — =
TR TR T X L T T A X T 85 89T 85T 3 04 095 096 097 096 0o 1
Rphi = E(3x3)/E(3x7) Rphi = E(3x3)/E(3x7)

02/10/2019

% —I ;ITLIIAISI ISI II'TI1 Ilékloallp}éll IrTI‘]InIa.IrI T I T T 17T ] T T 1T | T T T IE

800 imulati Iminary -4-Geant4 -

= TE 1, 0.20<[n[<0.25, E=65.5 GeV -

700F " +GAN

600[- ¢ e =

500 | E

4001 E

3001 3

2005 E

100 3

uuuuu I-r°[|‘| TN T N T T A A A IO M O B N |||..|
4035 40 45 50 55 60 65 70 75 80
Energy [GeV] 30



Data structures modified from CPU to GPU

TFCSLateralShapeParametrizationHitChain::simulate() { Event | time (9 50 000 hitS
vent loop time (s) [T 9V,

. L 10k Event-2GPU @ ChainGPU 4 CPU only 10K Event
Possible Parallelization @ 10kEven @ Chain ony TOR =

Loop on nhit 600.0
Loop on hit_simulation_chain O
P mdateFCESmasionStae. Q
: g 400
Impossible Parallelization g
[}
because of data dependency o
$ 2000
92.7 96.1 96.6 101.8
X 809 82.8 90.1 91.6 .
2 L
1=y 11— 170 20%
5 10 15 20 25 30

NumProc

| CPU(s)  GPU (s)

Actual simulation have fewer - Min /10K event| / 10K event

Processes Particle| Energy Eta /process /process

hits ~ 2-3X gain vs. CPU ‘ 1 Election 6553 22 18.8 6.0

32| Electron| 65536] 2.2 24.0 7.1
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+ Use simplified reconstruction geometry model

4+ Use extrapolation engine for track parameter

transport

4+ Material effects are applied according to the

Efficiency

amount of traversed materials and physics

Processes
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"I

4% Fast Digitization &)
Y ATL

EXPERIMENT

Charge collection mechanism is different for sub-detectors

Silicon Trackers:

4+ Local entry and exit point in the detector module from detector simulation ANAN
\\
4 Evaluate the steps in each sensor, charge deposited in each pixel is
proportional to the step z "““/
track
4+ Project the charge on the surface taking Lorentz shift into account N,
4+ Form clusters directly from track information (no cluster finding algorithm)
/ / /0
" C ] [/l | 2
Transition Radiation Tracker: WA \L
X X
4+ Emulate response from the radius of closest approach
4+ Take uncertainty into account by smearing the track to wire distance rack
rac
4+ Parametrize response for particle ID A
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4 Most of the time in reconstruction is spent in ID

and increases with pile-up:
4 pattern recognition
+ track seeding
4+ ambiguity treatment
4+ Use truth information to construct tracks

4+ Use smearing for efficiency and hit content

Ltrack efficiency vs P, for n|<2.5 (Det. Paper def.)
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Pileup Overlay @
CPU time directly proportional to pile-up

Current default:

4 Default approach require

. )
N minimum

bias events
e EVE )

events to produce a 1) Generation

hits
3) Digitisation digits
hits

. ()
+ Large I/0O and CPU consumption 1) Generation hard-scatter

event
-~

i
0

Premix and Overlay:

4+ Simulate and digitize only pile-up events per
. minimum . T -
campaign (using luminosity profile) 1) Generation @ hits digits
4+ Overly pile-up with hard scatter at digitization
2) Simulation hits 4) Overlay digits

3 Opr e

i - ATLAS Simulation Preliminary -

‘E 9:— —e— standard digitisation E

% 8:_—+—overlay E

g + CPU and 1I/O requirements has almost no pile-up
= 6 + E dependance

o

_ 4 _ Different dataset can have the identical set of
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Effect of two sub-threshold signals from different
ottt .1 events can cause a signal above threshold to be lost
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Fast Simulation is the future in ATLAS

FastCaloSimV2 will be used extensively in Run 3 and beyond

Fast reconstruction would follow

With ISF, there will be several option of running a
combination of full and fast MC production chain
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BACKUP
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VAE PubNote 2018 VAE CHEP 2019 Motivation
Total number 266 276 Defining an impact cell per layer (aligned to be the centre cell)
of cells resulting in centred showers per layer
(EMCAL)
Number of 266 + 1 (Energy condition) 276+5 +1 (Energy condition) 276 for cell energy ratios
input nodes (details next slide) 5 fractions i Etot/Etruth, + 4 (Elayer/Etot))
Training Cell energies Cell energy ratios -Simplify learning process for the network : learn the energy per cell
strategy (CellEnergy/EventEnergyLayer) | with respect to the total energy (per layer & event).
-Renormalize to energies using the fraction of energy per layer and
total energy/Etruth
Weighting - Weights = 1/std -Quantifying the width distributions : characterise the spread
strategy (uncertainty) of the data
-A weight for each node (of the input and output layers) incorporated
in the computation of the loss function
Objective Reconstruction + KL + total Reconstruction + KL -Physics knowledge injected in the cell ratios + 5 fractions
function Energy + Energy fraction -Limitations of the default linear combination of loss functions
(Multiobjective optimisation)
Latent space 10 5 -The network is able to learn a shower representation in 5D.
dimension -Less dimensions in the generation (sample from 5D Gaussian in the

latent space) 3
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How to speed up simulation

approximate geometry

optimise transport and navigation

approximate models

parameterisations

take shortcuts

use new technologies
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