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ECAL Upgrade scenarios
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»>Run 1-3: 4X4/6X6/12x12 cm? Shashlik

»Run 4 (Upgrade Ib): 0
v/Innermost: 2X2 cm? SPACAL W+Poly.
v'Second inner: 3x3 cm? SPACAL Pb+Poly _
v'Outer: 4X4/6X6/12x12 cm? Shashlik _ e
v'No longitudinal segmentation

100

Y [cm]

v'Timing readout for SPACAL only (option with
timing in Shashlik will also be checked)

»Run 5 (Upgrade Il):
v/Innermost: 1.5%1.5 cm? SPACAL W+GAGG
v'Second inner: 3x3 cm? SPACAL Pb+Poly
v'Outer: 4X4/6X6/12x12 cm? Shashlik
v'With longitudinal segmentation

Y [cm]

v'Dual timing readout for all modules

X [em]
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Simulation framework Varco Pissichem

»In simulation, optical photons ray-tracing needed, but extremely CPU-consuming
= parametrized strategy developed

STEP 1 STEP2 STEP 3

Full ray-tracing

f Photons on
or Cerenkov X
detectors, signal
PO 5 formation
Full energy Geant4
deposition by
Geant4 Parametrized Detector 1 - [0 - 2ns] - Event 223
Map of energy transport of £ 160
deposition Scintillation 3§ F
photons 0 LHCb Unofficial
120(—
100—
Map of -
Optical detection Standard MC o o
calibration probability time 60—
PDFs Parametrized MC wF- | — Full Raytracing
o | —— Hybrid MC
° . . . 00 0}2 ‘ l0{4‘ : ‘0{6l ‘ ‘OAB‘ ' 1 ‘ 1112‘ 1114‘ ’ )1.6‘ ’ 1118 = 2
» Hybrid-MC: Geant4 simulation of energy deposit g i

and parametrized transport of scintillation photons
= gain in computation time by up to a factor 1000

» Available for both single module study and full-ECAL setups from Run3 to Run5
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Comparison with test beam data ..., sisicheri

Energy Resolution - 3°+3°

+ Testbeam - Prototype

Simulations - Prototype

Simulations - LHCb Upgrade Il Module

WGAGG @ DESY ..

1 1.5 2 25 3 3.5 4 45 5
Beam Energy [GeV]

o(E)/E ~ Sampling/VE @ Constant

Measurements  MC simulations | MC simulations on
on TB modules  on TB modules | optimized modules
[%] [%] [%]
Satmpllng 10.6 0.1 10.2+0.1 9201
erm
WGAGG
Constant 1~2 1.98 + 0.04 1.18 £ 0.03
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Sampling 10.0+0.6 10.3+0.1 9.7+0.1
term
PbPoly
Constant 1.16 £ 0.06 0.94 + 0.04 0.56 +0.05
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Energy Resolution at 3°+3°
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. SPS - noise term subtracted

Simulation - 1 sigma

0.026

0.024 ¥2 / ndf 0.245/1

Sampling term 0.1004 + 0.006018

Energy Resolution [c./<E>]

0.022 [ Constant term  0.01157 + 0.0006439
- Noise term 0.2406 + 0.0418
0.02 —
0.0181-
" PbPoly @ SPS
0.016—
C ‘ 1 1 1 Il J 1 Il 1 Il J 1 1 Il 1 ‘ 1 1 Il 1 ‘ 1 1 1 Il ‘ 1 1 1 Il |
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»Hybrid MC reproduces well the testbeam
results after including the separation
material

»Modules in ECAL will be designed with
optimized separation, e.g. thin reflector
foil

» Expected energy resolution in optimized
modules in line with requirements
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Benchmarking physics modes

To cover physics modes involving photon, electron and ° with different
energy coverage, background level, vertex constraint ...

»Single photon In progress

v'BO - K*0y -
X1~ ] py S
vBt - D*%(-> D%)Kt ®
>’ - yy
vDO > gt Y
\/BS > J/Yyn!
vBt - Ktx0 c
vBt 5 D*O(—> DOn.O)K+ B
vBY 5> i ' e
> Electron
v Bt 5 Ktete~ I
v7 sete”
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Reconstruction algorithm

» 3 X3 cells clustering E 620
. ) > 600
v'cell with larger deposit energy than <0
all its neighbor cells taken as seed cell; 560
3% 3 cells surrounding seed cell 540
taken as a cluster 520
500
480 kE=a .3510 PR .4(;0 P .4510
v'Seed cell with E7 threshold of 50 MeV /mm

v'Energy in front and back cell summed up; timing taken as that of seed cell
v'Corrections to position and energy of the clusters are implemented

v'Algorithm to utilize long. segmentation (for Run 5), timing info etc. and its
effect on performance to be studied

»Machine learning (ML) approach
v'Three sets of regressors are trained to estimate: *position, *energy, *time
v'The ML input is Geant4 responses in cells of shape 5x5(x number of layers)
v Applied to B — ] /1m® only so far
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B - K*%y —timing study

>Studies performed for Upgrade Il with peak luminosity of £ = 1.5x103* cm™?s~!
» Timing resolution obtained as weighted average of front & back section time
§ E_ T A| — 1 T § :_ T " L S A B B '_
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» The timing cut is effective in reducing background
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At = trec - (tprod + tﬂlght) /16



B° —» K*%y — performance comparison

v'The same bkg. level and tracking efficiency for K*° are assumed for all setups

v'Timing resolution of K*Y vertex assumed to be 0

- 250 I I .
% K Upgrade II —— UII downscoped E>1GeV ]
& 200 — At/ot<3 <~ UpgradeDd % E>2GeV
m B —— Run 3 ]
I WAty pin2due .
“2 150 —
~ - .
Y - .
100 \\\ -
. \ ]
50 -
0 B | 1 ]

0 0.5 1
*SPACAL modules not tilted Efficiency

*Ull downscoped: Upgrade Il w/o long. seg.
*Upgrade Ib: no timing info
*Run 3: radiation damage not considered

» Effect of timing resolution from tracking system

* Timing cut effective for Upgrade Il

* With timing cut, Upgrade Il
performance can reach that of Run2

* Upgrade Il downscoped option has a
downscaled performance

* Upgrade Ib can improve performance
wrt Run3

Candidates / (30 MeV/c?)

is being studied with joint VELO-ECAL simulation
[See Timothy David Evans’ talk for more details]
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E>10GeV & At/ct<3.0
1,.(VELO hit)=0 ps
1,(VELO hit)=25 ps
1(VELO hit)=50 ps
1, (VELO hit)=75 ps
1,.(VELO hit)=100 ps
1,.(VELO hit)=200 ps

5000
MK*77) [MeV/c2]
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» Goal is to study reconstruction of bremsstrahlung photons in Upgrade |l
» Latest study based on Run 4 (SPACAL modules rotated) with pile-up included
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» Impact of timing cuts to suppress pile-up
contamination is being studied

v'Timing resolution of bremsstrahlung photons
from BT - K*tete™ is studied

= low energy regime
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+ —
Z —> € € Davide Zuliani
»Goal is to study and improve reconstruction of electrons with very high energies for Upgrade I

» ADC saturation is relevant for high pt electrons and checked for Run 4 & 5 (SPACAL rotated)

v'"With ADC = 40 GeV, the invariant mass distribution is almost the same with no saturation
(as reference, Run 2 ADC ~ 10 GeV; Run 3 ADC ~ 20 GeV)

» There is still room to improve energy corrections at very high energy (most brem. photons are
inside electron cluster)

0.035 4
no3sd  p=65.21 0 =2293 ] Run4 - no ADC ’ L= 66.23, 0 = 24.04 [ Run5 - no ADC

o = 6481, 00 = 22001 [ Rund - ADC =40 GeV fiao = 66.51, 049 = 23.34 Run5 - ADC = 40 GeV
Jlag = 56.78, 099 = 1882 L‘ [ Rund - ADC = 20 GeV 0.0304 159 = 60.08, gag = 21.09 ‘ [ Run5- ADC = 20 GeV

] ET’maX — ADC 0.025
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» Future steps
v'Study energy resolution of electrons as a function of energy
v'Improve the reconstruction of Z - ete~
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D 0 —> TU T T T 0 Sascha Stahl, Sasha Zenaiev

0 0 Upgrade 2 baseline
" Mergedm” = yy =  Resolved” = yy =
30-8; ——
=070 —f
50_6; LHCb Unofficial
Sost
S
704
- Two clust Fosp
Single cluster 2 interleaved subclusters WO clusters 0'2; Shashlik Spacal
pi0_mass_merged_spacal pi0_mass_resolved_matched 0-1;. L1 Pargerwcell S.l?lel Livvilin,
- - - 0 mass merged_spacal P0_mass,oscvd.akhod 0y 1 2 3 4 5 6 7 8
e Entrios 58 7= _ Entries » 38? Module type
1l Mteag o 1413571 - g@ac")ev 34.19
" Merged - *- Resolved v' Lower momenta
o E = more resolved
25, x10° 3cm
%¢ E H H“ “HHI ‘g 18:_ 0 | | | 2
1 o r i i ;| ——F or B seeds
E 16_— H +:F4B seedsv
Ll Hzt‘mﬂ‘ R % . HUOIH e "ztl)o'H 25 300 _ 14:, F
70 mass [MeV] C »
121 ]
| - Resolvedn®
v" Following approach v Simple combination of i3 from BT - K+tm©
from Runl/2 to add a two photons o] | — | ]
sub-cluster v Long. segmentation is A |
v’ Use of timing can give promising to help with it 2 :l:E
improvement 0~"56~~"100 150 200 250 300 350 400
vy distance [mm]
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BY - J/Ym® - ML approach

Alexey Boldyrev, Denis Derkach,
> Performance with resolved " studied for Upgrade Il Fedor Ratnikov, Andrey Shevelev

Upgrade Il downscoped (single layer) Upgrade Il baseline (long. segmented)
250 250
time_cut, ns time_cut, ns
o . — 1000 . . 1000
preliminary —lo.13 preliminary i
200 A m—0.12 200 A m— 0.12
o m— 0,11 — (0,11
i — 0.1 % — 0,1
v\\ =T - e
\ — 0.07 J; ! s 0,07
100 1 @A 100
50 - 50 4
0 0.60 0.&)1 0.I02 0.63 0.64 OA&)S 0.66 0.67 O.I08 0 0.&)0 0.I01 OA&JZ 0.I03 0.&)4 0‘&)5 O.I06 0.67 0.68
Total signal efficiency Total signal efficiency

»Timing and long. segmentation help improve the performance

» Update to using hybrid-MC samples is ongoing (realistic simulation of time
development in shower).
There is also room for improvement using more sophisticated ML approaches for
the long. segmentation

2023/3/30 Liupan An 12/16



0 — 0
B — T T Tt Daniele Manuzzi, Stefano Perazzini

» The study is based on “Homogenous” simulation from Bologna
v'Homogeneous materials with average composition
v'Shower development simulated by Geant4
v'Energy resolution simulated with random rejection of energy deposits
v'Time resolution simulated by Gaussian smearing

% - i Run2
<t L &) . Runb —opt .1
208 f/\ st [RUDS — 0D 2 ( > saseng{ BETTER CEVEN )
o [ =T o 1 |Runb—opt.3 U2BASELINB|  ourER BETTER
E ?\ 7] Region Runb5-opt.1 Runb-opt.2 ' Run5-opt.3
< 0.6 5t=15 ps name index #Cell side Ry fiCell side Ry (§Cell side Ry
g \ - (mm]  [mm]§l [mm] [mm]{f [mm] [mm)]
b - 5[ = 30 S i _ ] il -
S 04 L, p Tnnermost 0 15 15 15 15 15 15
Z ' ,(,’ffv L L‘x‘ T sumns Of =50 ps Inner 1 30 30 30 30 15 15
W ] Middle 2 40 35 40 35 M 4 35
.. Outer 4 60 35 35 [ 140 5
0.2 —‘," . % NO TIME Outermost 5 LIQO 35J{ . 35 /f L 60 35 )
oo MAX OF
o 02 04 06 08 1 12 |0 SISTE
Normalised Signal Efficiency

»The results suggest the critical need of R&D to improve the ECAL reconstruction
algorithms in Upgrade Il
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Other studies

»Simulation study of spillover effects Himeesalion s Sieatie iseay ine

. e, g : — PureSiglnaIl
v'Spillover effects are mitigated for crystals 2 | g Sweokon +
with faster decay time S [ | 2 Cawochmng-cassimmt [}
. . . = 0-08_— —— Exponential Fit - Gaussian Fit |
v'Pulse shaping techniques are important B ; {
: : - el S
v'The effect on physics study is to be quantified “f ; X ;
;o
Loris Martinazzoli, Stefano Perazzini, 0.04__....A..A.....A..A....A ........................... .. Vo FOMOS -
Marco Pizzichemi, Vincenzo Vagnoni F . v GFAG \e
0‘02_,6 ................ 8. R QA/
I I N N
Effective Decay Time [ns]
»Simulation study with additional silicon timing layer 5GeVe
2 silicon layers Jiale Fei, Jike Wang, Xiangyu Wu AEE,,
\ g 01 :
5 F o, "y -#- Mean(AE/E)
°~°8_—--‘(1' 5 cm) -5 6(AE/E)
i
' ’ T ‘ 0.04 i HDD
Split SPACAL (SPACAL1 and SPACAL2) T e -t =St P g ol
v" Silicon layer: cell size 5%X5 mm?; g B i e i
thickness 0.5 mm TR T e

v’ Cooling layer (Cu): thickness 6 mm v'Studies ongoing to fully exploit the potential
of silicon layers
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Towards Upgrade Ib FTDR

»Simulation configuration is prepared including radiation damage expected at the end of
Run 3 to compare with Upgrade Ib

v'Current ECAL divided in 12 sections with different degraded light output derived from
irradiation studies

. . S Sampling and Constant term evolution with module type
Unique section numbers E =

80 - :
Samplingterm =
T Constantterm =
[}
S, 70 -
>
60 -
T 50
3
= 18
S 40
E
© 30
20
10 ] L] ] [] [ [ [ ] [] [}
[}
0 = ™ n n [ ] L J - L] i
0 2 4 6 8 10 12
-300 -200 -100 0 100 200 300
x [em] Module type

»Reco. & energy+position corrections in place for end of Run 3 including radiation damage
and rotated SPACAL modules

8 700 ] ] ] 8 ] ] ]
= G emy? — Before correction = 350 (1.5 cm)® —Before correction
S 600 11 =-0.003 £ 0.000 =] 11 =-0.003  0.000
—g 20,022 £ 0.000 —After correct ion —g 300 20,023 £ 0.001 — Affer correction
5 500 8 250
= rotated 5 rotated

400 200
300 158
200 100
100 50
0 A 0 [l
0.2 0 0.2 0.2 0 0.2

2 02 3/3/30 (Erec'Etrue)/Etrue (Erec'Etrue)/Etrue 1 5/16



Summary and prospects

» A hybrid-MC framework is well established for ECAL simulation study

»Many benchmarking physics modes are being studied for ECAL Upgrade scenarios
%+Single photons: B? - K*0y
»Electrons: Bt - KTete ™ ,Z - eTe™
< Neutral pions: D° - ntn~n? BY - J/yn®, Bt - K*'n® B? - ntnn®
and more are on the way, e.g. .1 = J /Yy, Bt - D*°(- D% /n®)K™

v'Timing information is necessary and effective to improve the performance
VIt is crucial to optimize the reconstruction algorithm to fully utilize long.

segmentation, timing info etc.

» Essential basics for Upgrade Ib study are in place; preparation of FTDR is underway

» There are still a lot to do for ECAL upgrade sim/reco study. You are welcome to join!
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Back up
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Pulse shaping techniques

Loris Martinazzoli, Stefano Perazzini,
Marco Pizzichemi, Vincenzo Vagnoni

* Time stamp is measured using a 2F F—
CFD technique 2 :
* Two pulse shaping techniques: E - .
. . . < - Exponential fit to first_
— Exponential fit to the baseline used to N 6ns of event :
subtract spillover e o \\ : /:\I\d
. i . mplitude
— Cable clipping: o : ’
1 or;h.;"- LI R TR I -‘ ----- - -l -------
Vout (t) = 5 (Vin(t) — 7+ Vi (t — &) ‘B0 @0 w00 om0 *gio'El; ;)9562;1 Itilr%;(; (Ings)oo
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