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Outline

® Introduction

® Highlights of “Homogenous” simulation from Bologna

® B - 772 7Y performances
p Figures of merit: Efficiency vs. Significance (S/4/S + B)

O FTDR result
O Results with variable time resolution

O Results with Dalitz plot requirements
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Motivations to study B' — 7tz x

LHCH Collaboration

LHCE N0E-081
12th August 2003

‘Relevant mOde tO measure the a angle Photon and Neutral Pion reconstruction
of the Unitarian Triangle UNIVERSITE BLAISE PASCAL

U.F.H. Sciences et Technologies

Olivier Deschamps'
LPC. Clermond-Ferrmud, France

p Complementary to B — zm, pp analysis ECOLE DOCTORALE DES SCIENCES FONDAMENTALES
Frederic Machefert’, Marie-Helene Schune’ N° 744
LAL, Orsay, France

Galina Pakhlova®
ITEP, Moscow. Russia

THESE

présentie ponr chtenir le grade de

Tvan Belyaev”

CERN, Geneva, Switzerland . . .
and Docteur d'Université

ITEP, Moscow, Russia SPLCIALITE : POYSIQUE DLS PARTICULLS

® Opportunity to study the reconstruction of ’
both merged and resolved 7" e

Diego Alejandro Roa Romero

p Large increase of comb. bkg. expected

. Study of charmless BY. — Ath' 7" decays in LHCb
in U2 for resolved 7" udy of cha ca

p Large benefit expected from timing

+ 200743
Relle Preprint 2007-43
KEK Preprint 2007-47

ons inaT Lme-Dependent

1 Branching Fracti Quark Mixing Angle ¢z

Constraint on the

® Documentation
» LHCb-2003-91: performance of ¥ and z° reconstruction

with simulated B — zt7~ 7

p CERN-THESIS-2013-051:
preliminary study on 2010 data

CP Asy mumetries an
of BY — (pm)° and a

Measurement l:'f
Dalitz Analysis
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Origin-vertex simulation

Origin of all particles /. | -
hitting the ECAL ’ | ‘
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1. Pythia is used to generate

the primary pp interactions
p The time spread of the PV 1s included

2. The particle flux at ECAL surface
1s given by Gauss
p Geant4 1s used to propagate particles inside LHCb

p All tracked particles are organised
depending on their PV
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3. Luminosity decay

p “nPVs” 1s randomly chosen, depending on the
luminosity degradation expected in Run5 conditions

4. PV bootstrap O::' RECYCLE of min. bias MC events
p Events are built merging:
- 1 signal PV
- nPVs — 1 not-signal PVs, randomly extracted

from a the previously generated PV dataset
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ECAL simulation

® ECAL homogenisation 8 p
. . . SPACAL W/GAGG || 93%  BNSPACAL Lead/Poly. SHASHLIK
p Homogeneous materials with average composition W B pensity: 11.7 g,cm:«;\ ,_10% Density: 5.8 g/cm’ Density: 4.5 g/cm?

are simulated instead of the detailed geometry 80% %)= 063 cm J

of the cells

X,=12cm

Xy=1.6cm

® The shower development 1s simulated
by Geant4

p The effects of the angle of incidence and
time spread of the showers are considered

® Energy deposits are clustered depending on ‘ h -
the cell granularities and saved on disc - — |
p The longitudinal segmentation 1s considered o N _ | d ™~ "
p Energy resolution simulated with a %@025;‘ 200200 l;eil:ioi ‘ }l ]
random rejection of the energy deposits ° 0.2;— B =(0.81+001)% — . Flexible inclusion |
® Time of charged particles crossing the separation s e | of theﬂ :
between front and back sections 1s saved O1F ‘eso tion efiects }
p The time measured by each cell 1s 005 - N
the average of these times + auss1an smearing, 0h e

" OFFLINE
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ECAL reconstruct

10NN

® Cluster reconstruction
1. Seeds: local maxima
2. 3 X 3 clusters
3. Energy redistribution

‘@ Calibrations
A. Energy leakage
B. L-shape
C. S-shape
D. Time backup slides]

® 7' reconstruction
O Merged
O Resolved

B° - ztz= 2" report
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Tested ECAL configurations
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B' = zt7 7' selection

g\. 025 __ ............... | T [ | ................... | U F [, —
2 _ :
Merged 7° Resolved 7° ST N W U R S -
dm - . .
v-track distance > 1 cell side s - ; Efficiency
D (’7) > 200 MeV/c 0.15 e ................... .......................................................... — — denominator
. - I 5 . is the number of
Pr (7T ) > 2.9 GeV/c pT(T" ) > 1.0 GeV/c 0.1 :_RUHQ ........ .................... s _: generated events
m(7”) € [75,195] GeV/c*  m(n") € [110,170] GeV/c? : gﬁng B gPE é 1 (80k for all config.s)
- 1O —:0p -
pr(B°) > 3GeV/c pr(B®) > 2.5GeV/c 0.05 R‘ﬁﬁs':fapf """ 1 B
[from stripping selection used in CERN-THESIS-2013-051] 0 Reced Neur. p(y) p@) m@) p B m)
Time info. from tracking g 3500 _Run5—l optl L _
ashsumle1d to bef morehprec:se -g 30005— Background is due to
than the one from the calo & 2500 7 multiple candidates
l 2000 | { not matched with the signal
£ = \/ BOAL _ gend)2 4 (yBCAL _ gend)2 4 (R BCAL _ yend)2 4 yond 1500 F (mainly combinatorial
1000F for resolved z° from
s00F the rest of the event)
2 _ (4ECAL expect.\ 2 ECAL expect.\ 2 S
R? = ({FOAL — fopect)2 4 (jECAL _ goxpoct,
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Global B —» 777" performance
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Performance per region

ormalised

Region: InnerMost
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Signal candidates with final-state ys hitting different regions are neglected (~10%)
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0.4

® Significance denominator: |

same a previous slide

® Significance numerator:

ol viel .
| signalyie d per region

® Performance benefit from
better granularity

® The 1nner the region,
the larger the advantage
from better time resolution

® Contribution to
reconstructed signals:
O Quter more relevant than /nner

O InnerMost almost similar to
OuterMost

report
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Significance with mixed time resolution

~Run?2 ALL REGIONS ® S/4/S+ B is normalised to Run2 total

\ Runb—optl Runb—opt?2 Run5—opt3

— 100 —
X . . .
3 ® Here the R, cut 1s optimised
S 80 — .
$ independently for each
& %7 region and time resolution
2 40
.Tg
g 207 ® Performance degradation
0 with poorer time resolution, but:

o> (,DQ o> be %Q (OQ (/DQ O 15,30 ps ~ 30, 15 ps

el o QO Q o Q" Q!
N g o) o N o) %) O o
Time resolution (SPACAL, SHASHLIK) 30, 30 ps = 15, 50 ps

Signal candidates with final-state ys hitting different regions are considered
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Dalitz plot per region

® Not all the regions of the Dalitz e
plane are equally relevant to 3
measure the CPV observables % N

ke 10

® This simulation assumes a °

flat squared-Dalitz model 30
O Higher SIG statistics in the more K
relevant regions (resonance interference) % 20
o
R
® The Dalitz distribution of the BKG T s

could be different from SIG

-
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Dalitz plot performance

® Additional requirement:
min[m(z*7Y), m(z=7z")] < 1.2 GeV/c?
[CERN-THESIS-2013-051]
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To do: enlarge the simulated sample to repeat this study depending on the ECAL region

O report
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® S/v/S + B 1s normalised to
Run2 total

® The R, cut 1s optimised
independently for each
region and time resolution

No dramatic
difference wrt
the analysis
considering
the total
Dalitz plane




Summary and conclusions

® The B — 777~ 7" reconstruction performances are
an important benchmark for the U2 ECAL

® The current stmulation results suggest the critical need of R&D
to improve the ECAL reconstruction algorithms in U2

® Dcgradation of timing performance have not a negligible impact either in outer regions

® Analysis of Dalitz region corresponding to p=z* final state shows
similar performances to the analysis involving in the total Dalitz plane

O Requirements on Dalitz quantities reduced quite a lot the statistics.
More accurate studies with higher statistics are necessary

p Necessary to move towards studies on more relevant observables (e.g. CPV)

O report 14th December 2022
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Backup
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Performance per region

Region: InnerMost Region: Inner O Eff; and Sl/\/Sl + Bi arc
normalised to Run?2 total
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