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Context
[ ]
b — sT7 and objectives

@ Third generation couplings in quark
transitions are the less-well known.

@ Specific models addressing the Flavour
problem(s) often provide b — 7
enhancements or modifications w.r.t. the
SM = b — s77 (m; ~ 20m,,) is a must i

do to sort out the BSM models [1, 2]. j:%
Problem : measuring the v's. 5 .

@ Thanks to its clear experimental B w K
environment and its ability to produce p
boosted b-hadrons, FCC-ee looks like the
right place to reconstruct the v's.

Figure — EW penguin quark-level
@ SM : the b — s77 transition proceeds transition
through an electroweak penguin diagram.

@ Study of the rare heavy-flavoured decay
B® — K*7"7~ at FCC-ee[3]. SM
prediction : BR=0(1077) — not observed
yet (present limit : O(1072 — 10~*) [4]).
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Context
°
Topology

@ The B® — K*r7 decay topology is
driven by the tau decay multiplicity.

@ There are from 2 to 4 neutrinos (not '< -
detected) and at least 4 charged / Zon
particles in the final state and one, two oy . s/ Ty
or three decay vertices. . 0

@ We focus on the 3-prongs tau decays \\ e
(1 — mrrv) for which the decay i \ n"z
vertex can be reconstructed in order to i m

solve fully the kinematics. _
. . . Figure — Decay topology
@ 10 particles in the final state

(K, 7m,v,7), 3 decay vertices and 2
undetected neutrinos.

Goal : explore the feasibility of the search for
B° — K*r*t7~ and give the corresponding detector
requirements.
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Context
o

Data and software used

Tristan Miralles

The events used in this work are generated with Pythia [5] (Z — bb
and hadronisation) and EvtGen [6] (forcing the decay with adequate
models).

The reconstruction is performed with the FCC Analyses sw using
Delphes [7] simulation (featuring the IDEA [8] detector).

The simulated data use particles reconstructed with the momentum
resolution given by the IDEA drift chamber tracking system.

The vertex resolutions drives the feasability of the measurement
(Krakow) — the main goal of the study is to address the precision of
the BF as function of the vertex resolution.

State of the art IDEA vertexing performance will be determined and
compared to other working points.
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Signal reconstruction and vertexing emulation

Reconstruction method

@ To fully reconstruct the kinematics of the decay — neutrinos momenta
must be resolved.

@ Enough constraints are available in order to determine the missing
coordinates.

@ Energy momentum conservation at 7 decay vertex = gives the neutrino
momentum at the cost of a quadratic ambiguity :

Py, = —Pr,
pl = m? = mi) = 2pm%) ) V(m2 — m2,)2 — am2pt,?
T HetemR) 2™+ m2,) f

@ A selection rule has to be build in order to solve the ambiguities.

@ Practically energy-momentum conservation at the B decay vertex gives a
condition between 7's and K* :

it €, — (&1 &)(E,— )
pfi__m_pf' —(&+.8)

@ Method validated at MC truth level.
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Signal reconstruction and vertexing emulation

Working points

@ PV : 3D normal law including
Beam Spot Constraints.

@ SV & TV — ellipsoidal (decaying
particle direction as reference) :

o longitudinal,

o transverse. / .
@ Several working points examined ,/lz'"
(Longitudinal-Transverse PV g sv/ - K v
configuration denoted as L-T in ®- - =D
the following) : N, == &
e 5um to 20 pm longitudinal, \ “;\;‘"
e 1pm to 8 um transverse. - ™t

@ 20-3 (L-T) smearing used as
reference in the following.

@ Experimental vertexing efficiency is
conservatively taken as 80% for the
time being".

i. Due to the large multiplicity of the decay FCCAnalyses vertexing failed to estimate efficiency by itself.
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Backgrounds and selection
[ ]
The considered backgrounds

@ The relevant backgrounds are the ones with a similar final state than the
signal (K7).

@ Several possible modes in b — c&s and b — c7v transitions ' but often
not observed to date = guesstimate of the branching fraction from phase
space computation and use of analogies.

@ Determination of the dominant backgrounds for the measurement by
building per track efficiencies from already generated ones.

iii. More details on backgrounds choices in appendix.
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Backgrounds and selection
[ ]
The considered backgrounds

@ The relevant backgrounds are the ones with a similar final state than the
signal (K7).

@ Several possible modes in b — c&s and b — c7v transitions ' but often
not observed to date = guesstimate of the branching fraction from phase
space computation and use of analogies.

@ Determination of the dominant backgrounds for the measurement by
building per track efficiencies from already generated ones.

V.

BF . Additional
Decay (SM/meas.) Intermediate decay BF had missing particles
Signal : B® - K*7r 130x 107 | 7 — wnnv, K* — Kr 9.57x 10~
Backgrounds b — cCs :
B® — K*°D,D, 2.78x 1074 Ds — Tv 5.79x 1071 2v
Ds — Tv, rrrn® 6.52x 10~ ° v, w°
D; — nnnn® 7.35x1071° 27°,
Ds — v, mnanlm® 5.47 x 107° v, 2m°
Ds — wrm2n® 5.17 x 108 470,
B° — K*°D,D} 8.78x 1074 D, — Tv 1.83 x 107° 2v, v/m°
Dy — wranln® 1.63 x 1077 47°, ~/7°
Backgrounds b — cTv :
B° - K*°D,rv 9.17x 107° Ds — Tv 3.50x 107*° 2v
B® — K*°D}rv 2.03x 107° Ds — nramn® 7.51x 10~° v, v,2n°

iii. More details on backgrounds choices in appendix.
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Backgrounds and selection
[ ]
Landscape without selection

@ The B° mass has been
reconstructed for all our

mOdeS. Invariant BO mass with sel solutions and natural number of event
o Calorimeter PID 3001 e O O bty o sy b =050
performances : 7° Taoo] sk -
_ . 3 R P
detection rate of 80% is | % i, = ke
assumed in order to Sl . i ;
<2000 54 KAD,D,(D, - 70.D, — 777
reduce the 7° : —=n
backgrounds. =
@ Backgrounds are
overwhelming V.

@ Additional selection is " - - - = -
required. We played a m(K*[37),[37],) [GeV /e
Multivariate selection
(XGBoost [9]).

iv. uction perfor for all modes in appendix.
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Backgrounds and selection
L]
Preselection

Variable Cut
my. &mi. <03 & <05 GeV
. . . Pk* < 1GeV
@ Several kinematics variables Par < 1GeV
has been save for each events P max < 0.25GeV
lik R Pre i < 0.2GeV
( ke momentum or [ < 0.3mm
intermediate mass). FD, > 4mm
ma, < 0.750GeV
@ Among them several Moy < 0.5GeV
discriminatives variables have Mar o > 1GeV
been found".
Y The preselection has been bU”t . Invariant li”\:u~~‘\:il.“\(\wwh:n\ m\l‘umu\\.:n\uu\\n‘\\wiimm ’
with these variables. ool iy = 0%

@ The plot displays the result
after preselection — the picture
show a first improvement.

@ The MVA can be trained
against the backgrounds on the
[5,5.6] GeV mass window.

(0.030 GeV/c?)

Candidates

variables in




Backgrounds and selection

@ Training dataset generated with
signal and the collection of "y,
available backgrounds. *“ bovgwidnion by

: : f '

@ The backgrounds are considered in b bt } .
natural proportion (after the N "*H '.’
preselection). fy oot

. . i . 200 LT +

@ 50/50 split train/validation. -l mdl s

@ Previous variables are given as ol I— D el
inPUtS el We” as the reconstrUCted Invariant BO mass with ~<-L|z£)-|[|1:'|'x‘x(1||~mv‘unlmluml number of event
p- of each 7 candidate. L * b ) STV

. w [ Bis KOD.D.(D,

@ XGB parameters optimised on %" = o KoDDADr men
AUC. S oy e K+ v

@ Overtraining plot in order to check e KD+ Donor o
the validity of the training — OK. Zowd Doy KADIDAD: » Do D s e

@ Use of the MVA Y to perform the i
selection (cut at 0.5 on the BDT
output). i (e

vi. Feature importance plot in appendix.
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Backgrounds and selection

Precision of the measurement determination

A RooPlot of "mass"

3500

@ Same selection applied to other
vertex resolution emulations.

@ Unbinned ML fit of the data with :

3000

2500

Events / (0.030303)

2000

o signal — double CB + a 1500
Gaussian, 1000
o background — two decreasing s
eXpOnential. L ‘5‘]‘ L ‘5‘2‘ L ‘5‘3‘ L ‘5‘4‘ L ‘5‘5‘ L ‘5‘6‘ B -
@ Baseline : fit of the simulated A RooPlot of “mass”

signal then fit of the signal and
background rescaled together.

Events / (0.030303 )

@ Extraction of the signal yield N

and the associated error op. &

50

@ Plot of the naive precision oy /N of w©
the BF measurement of %

B® — K*°r1 as function of the 20
resolution "',
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Backgrounds and selection

Precision of the measurement determination

Precision of BF measurement as function of the resolution

0.7 N . - .
e SVand TV longitudinal smearing : 20 gm *

0.6 .

Evidence (30)

Observation (50)
021 ====mmmme L i

1 2 3 4 5 6
SV and TV transverse smearing in pm

@ Precision on BF measurement for fully emulated vertexing working
points have been determined.

@ Let's confront this to an actual state of the art vertex detector we
have at hand — the IDEA vertex detector.
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IDEA vertexing emulation
[ ]

The IDEA working point : primary vertex resolution

71— 2.96 ym
= 6.42 ym
frac 1= 075

@ Resolutions determined from 10° o0 e
signal events. 008

@ Reconstructed PV position fitted from

< 006
reconstructed tracks with the
FCCAnalyses VertexFitterSimple tools "
(Beam Spot Constraints set at 002
(4.5,20e=3,300)mm). ,

@ Displacement of the reconstructed PV PV dilacement / ym
w.r.t. the MC truth PV is build in o, (o008 ,m) /\
cartesian coordinates. 1l

@ The IDEA resolution is determined for
each coordinate by a fit of the S
displacement :
@ double gaussian model on 4
(X Z) viii 2l
@ simple gaussian model on y. B T T T SR N TR CRES
y PV displacement / pm
@ Resolutions O(3 pm) for (x,z).

@ Resolution O(20 nm) for y. Figure — PV displacement and fit of the
resolution for x (top) and y (bottom).

i. In appendix.
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IDEA vertexing emulation

The IDEA working point : secondary and tertiary vertices resolutions

@ Reconstructed SV (K*® — Km) and oo (T BB m ||
TV (7 — 37) positions fitted from
MC matched reconstructed tracks via oo |
FCCAnalyses VertexFitterSimple {oy
tools.

AU.

@ Displacement of the reconstructed SV T I
and TV w.r.t. to the MC truth
projected on decay plan (L-T).

|
@ The IDEA resolution is determined for oz | 1\
each coordinate by a fit of the : \\‘

displacement : .\! \
@ triple gaussian model on L, " \

o simple CB model on T. o)

@ The performances are a bit better ¥ pseement fym
on the TV (3 tracks) comparing to
the SV (2 tracks) despite the lower

daughters momenta on average.

Figure — TV displacement and fit of the

resolution for L (top) and T (bottom), T
) not signed because there is no reference T

direction (not as it is in our smearing).

ix. In appendix.
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IDEA vertexing emulation

The IDEA working point : emulation

@ Emulation of the PV resolutions with " finerZolo [
3D-gaussian smearing that follow the ol (o= B2um [
combined o of the fits among each [ ]
axis. oo [

@ SV and TV smearing via the IDEA [
fitted resolutions. / \\

AU

@ Smearing emulated on each direction o oy displocement | um
via accept/reject algorithms.

=211 m
=109 m

@ SV and TV L smeared from there fl W=m |
respective pdf’s. o | 1

@ SV and TV T smeared from an 2. |
opportunistic 3 gaussians pdf
(p=0,010 =2.7pm, 1 =50%,0>2 = "
7pm,f2 =40%,O’3 = 20pm,f3 = 0005 3 fm g 5 W

v 5 »  ®
Tau T displacement / pm

10%), which reproduce approximately

the IDEA T displacement distribution Figure — TV displacement and fit of the
resolution for L (top) and T (bottom), T
not signed because there is no reference T
direction (not as it is in our smearing).

when emulated in 2D on the

transverse plan.
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Results & outlook
[ ]
Final result

Precision of BF measurement as function of the resolution

071 SVand TV longitudinal smearing : 20 ym .
* IDEA
0.6 .
0.5 ¥ s
>
—
=
IS 0.4 . N ’
Evidence (30)
S
0.3
.
Obseryation (50)
0.2 S
.
0.1
0 2 4 IDEA 6 8

SV and TV transverse smearing in jan

Emulation of the vertex resolution performances in order to look for the
feasibility of the search of B® — K*°71 at FCC-ee :

@ we can't make that mode with the state-of-the-art vertex* detector,

@ we are not that far neither.

x. Because of a previous bug, the performance shown for IDEA has changed comparing to the one presented by
Michele on Monday.
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Results & outlook
[ ]
Last projection and outlook

Precision of BF measurement as function of the resolution

161" o 20 yun longitudinal smearing base lumi .
Lal e 20 longitudinal swmearing x5 i
20 um longitudinal smearing /5 lumi .
1.2 % [DEA base lumi
% IDEA x5 lumi P
10{ % IDEA /5 lumi
08
= .
B .
0.61 . .
. * ¢
044 . Evidence (30
. Bscrvation (50)
0z y - o ___OBscrvation (50
0.01
0 IDEA 6 §

2 4
SV and TV transverse smearing in pm

Figure — Precision on the BF measurement
as function of the vertex resolution.
Previous points are shown with the baseline
luminosity and two other luminosity
hypothesis are tested. Increasing the data
taking period by a factor 5 could bring us
near the observation with IDEA as it is.
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Results & outlook
[ ]
Last projection and outlook

Precision of BF measurement as function of the resolution
161

o 20 um longitudinal smearing base lumi
Lil e 20 longitudinal smearing x5 i :
o 20 um longitudinal smearing /5 lumi .
1.2 *  IDEA base lnmi
% IDEA x5 lumi I I
10{ % IDEA /5 lumi
08
S . .
0.61 . .
. * ¢
044 e Evidence (30
0 . - o Ofsorvation (50)

0.04

2 4 IDEA 6 8
SV and TV transverse smearing in pm

Figure — Precision on the BF measurement
as function of the vertex resolution.
Previous points are shown with the baseline
luminosity and two other luminosity
hypothesis are tested. Increasing the data
taking period by a factor 5 could bring us
near the observation with IDEA as it is.

@ Analysis aimed at assessing the
required vertexing
performances to measure
B® — K*°77 from the two
7 — 3 self-contained method
only.

@ Considering 7 leptonic decays
on one branch of the B® decay
brings a factor 7 in statistics.
Less experimental handles but
still way out to get out the
signal.

@ Considering fully 7 leptonic
decays in both branches brings
a factor 14 in statistics (Impact
Parameter resolution will be
instrumental here)

77 at FCC-ee




Results & outlook
[ ]
Last projection and outlook

Precision of BF measurement as function of the resolution

T e e : ® Analysis aimed at assessing the
M e 20 Tongitudinl smearing /5 luni . required vertexing
12 % IDEA e .. performances to measure
0} % IDEA /Sl . B® — K*°77 from the two
%“* . . 7 — 37 self-contained method
0.61 . I only.
“ : : - pr—— @ Considering 7 leptonic decays
v oL . ’ on one branch of the B® decay
- ; : —— : brings a factor 7 in statistics.
SV and TV transverse smearing in jm Less experimental handles but
still way out to get out the
Figure — Precision on the BF measurement signal.
as function of the vertex resolution. o .
Previous points are shown with the baseline C Con5|de.r|ng fully 7 Ieptonlc.
luminosity and two other luminosity decays in bqth bra_nc_hes brings
hypothesis are tested. Increasing the data a factor 14 in stat_lstlcs.(lmpact
taking period by a factor 5 could bring us Parameter resolution will be
near the observation with IDEA as it is. instrumental here)

Thanks|
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Appendix
[ ]
Neutrinos reconstruction method

To fully reconstruct the kinematics of the
decay (B invariant-mass observable for

s y
4 1.7
. /
|nstance) we need : [T
_
@ Momentum of all final particles PV g SvV/ -~ ™

including not detected neutrinos. o e
\ TV
@ The decay lengths (6 constraints) N ~.\\\;*n
together with the tau mass (2 \ Vi
m m

constraints) can be used to determine

the missing coordinates (6 degrees of ) .
Figure — The dotted lines represent the

freedom). . ;
non-reconstructed particles. The plain
® We use er)ergy—morr}entum lines are the particles that can be
conservation at tertiary (or T decay) reconstructed in the detector.

vertex with respect to 7 direction ™.

P, = —Px,
1,2
| (m ) —2ph?) | \J(m - m2 Y am2p,
po = M + .E7Tt

2(px% + m2) 2(px,% + m2))

xi. Another way to do this computation is given by [10].




Appendix
°
There is a quadratic ambiguity on each neutrino momentum!
— The ambiguities propagate to 7 and B reconstructions
— 4 possibilities by taking all 4+/- combination for the two neutrinos
= A selection rule is needed to choose the right possibility
— From the energy-momentum conservation at the B decay vertex, we

have a condition between the 2 taus and the K* with respect to the B
direction :

B & &8 —(6-.8)(E )

1 (&+.88)2

prt =



Appendix
[ ]
Other IDEA resolution plots

"01= 1.72 pm )
0.204 |09=5.75 pm
frac 1 = 0.81
frac 2 = 0.19
=293 pm |
0.15
=
< 0.10+
0.051
0.00 " ; ; T . ; T
—20 —15 —10 -5 0 5 10 15 20

z PV displacement / pm

Figure — PV displacement and fit of the resolution for z



Appendix
oe

Other IDEA resolution plots

0.0144
1= 1923 ym
03— 49.73 pm
4= 17161 pm
frac 1 = 0.46
frac 2 = 0.42
00101 |frac 3 = 0.12
0= 6833 ym

0.012

0.0084
<
0,006
0.004

0.002+

0.000 = = . "
000 55 300 200 100 0 100 200 300 400

Kst L displacement / ym

0.16- 1= 2.66 pm |
0.14+
0.12-
0.10

>

< 0.08
0.06-
0.04-

0,024

0.00 . - -
0 5 2% 30 35 40

15 20
Kst T displacement / ym

0

Figure — SV displacement and fit of the resolution for L (top) and T (bottom).



Appendix
L]
Expected number of events

The knowledge of the reconstruction efficiency allows us to compute the
expected number of B° decays fully reconstructed at FCC-ee :
Ni+rr—sktm2v = Nz.BR(Z — bb).2f4.BR(K*77).BR(T — 7r7'r7'ru)2.BR(K* — KT).€reco-Evertex

Nz = 8 x 10*? the expected number of Z produced,

BR(Z — bb) = 0.1512 4 0.0005,

f4 = 0.407 £ 0.007 the hadronisation term,

BR(K*77) = 1.30 x 10~7 & 10% the SM predicted branching fraction,
BR(7 — mwv) = 0.0931 =+ 0.0005,

BR(K* — Km) = 0.69,

€reco = 0.3840 =% 0.0007 for a smearing 3 pm — 20 ym,

€reco = 0.2850 £ 0.0005 for a smearing that follows IDEA performances,

®© 6 6 6 66 66 o o o

Evertex — 087

:> NK*TT—)K?T{2I/ ~ 235 :t 24 fOI’ 20 - 3
= Nksrr—sk7now ~ 175 £ 18 for IDEA



Appendix
[ le]
Some words about guesstimation of the BF for unseen modes

@ B = K*°D,D; from analogy game :

BF(B° — Ds7K®)
BF(B° — D)

BF(B®° — K*°D,Ds) = BF(B® — DDs) x

where B® — DD, is the equivalent mode without s5 from vaccum,
B® — Dr is the equivalent mode without s5 from vaccum and with
W — id, B® — D.K® is the equivalent mode with W — i@id.

@ B —» K*D;D, and B® — K*°D;D; w.rt. B> - K**D,D. from
B® — D)D) hierarchy.

o B° - K**D{7v from analogy via phase space computation[10] :

y PS(B° — K*°D{"rv)

BF(B® — K**D¥7v) = BF(B™ — KD tv) -
PS(B+ — KD 1)

where PS denotes the Phase Space computed numerricaly (three body
decay hypothesis used conservatively) and B* — KD{")¢v is a reference
mode with a known BF.

@ B° — K**D.7rv and B® — K*°DX7v w.rt B® — K*ODS(*)TV from
B® — D™ ¢y hierarchy.



Appendix
o] ]
Some words about guesstimation of the BF for unseen modes

e B? — K**D™ 7y from analogy via phase space computation[10] :

PS(B? — K**D®)7v)

0 %0 (%) _ 0
BF(B? — K**DW7v) = BF(B? — D) x PS(8? 5 Dopt)

where PS denotes the Phase Space computed numerricaly (three body
decay hypothesis used conservatively) and B2 — Dsipv is a reference
mode with a known BF.

@ B = K*Drv and B® — K*°D*rv w.rt. BS — K*°D™ 1y from
B® — D™ ¢u hierarchy.




Appendix
[ ]
Extended background table

Decay (SM/Br:eas.) Intermediate decay BF _had misgiilt;Z:;Lles
Signal : B® — K77 1.30x 10 7 | 7 — wrmv, KX — Kr | 9.57x 10 %
Backgrounds b — cCs :
B° — K*°D;,D; 2.78x 1074 D, — Tv 5.79x 107 *° 2v
Ds — Tv, mrww® X 6.52x 10~ 1° v, w°
Dy — mrrm® 7.35x1071° 2r°,
Ds — T, rrrmlm® 5.47 x 10~° v, 2n°
Ds — wrm2m® 5.17 x 1078 47°,
B° — K*°D,D} 8.78x10™* D, — Tv 1.83 x 107° 2v, v/7°
D, — v, nnmm® 2.06 x 10~° v, w°, 'Y/Tro
Dy — wrmn® 2.32 x 10°° 27°, 'Y/‘ITO
Ds — wran®n® 1.63 x 10~7 47°, 'y/ﬂ'o
B° — K*°DrD; 9.10x 1074 D, — Tv 1.90 x 107° 2v, 2v/7°
Ds — Tv, rrrn® 2.14 x 10~° v, w°, 2'y/7r°
Ds — wrmn® 2.41 x 10~° 270, 2'y/7r°
Backgrounds b — cTv :
B, — K*°Drv 7.27x 1078 D — mrmn® 1.65 x 10~° v, w°
B, — K*°D*rv 2.03x 1074 D* — D°x, Dx°
D — mrmn® 1.12x 107° v, 21°
D° — 2n27m® 8.98x 107 *° v, 27°, 27t
T B S KDy T T | earx107 | T T T D, —7v ] 368x10°Y [ T T2 T ]
Ds — mrmn® 4.15x 1071 v, ©°
B® — K*°D}rv 2.03x 1075 Ds — Tv 8.07x 1071 2v, v/7°
Dy — wrman® 9.09%x 10~1° v, w°, 'y/Tro
Ds — wran®n® 7.51x 10~° v, 7, 27°

o

xii. Ds — 37wnm? modes involves 7/w intermediate states (see appendix).



Appendix
L]
Update of the Ds — mwrnm® simulation

Better simulations for Dy — wamnm®

@ Previously this decay has been generated in the Phase Space — a
more accurate simulation of the decay is needed = new samples
which include n/w (saturating the inclusive BF) intermediate states
are in order.

@ Replacement of the previous samples.

e B® = K**D,Dy(Ds — nrn®) is now B® — K*°D,D, where
D; — n/wm and n/w — 7r7°.
e B® = K*D,Dy(Ds — nrrn®n®) is now B® — K*°D,D, where

D; — n/wrn® and n/w — wrrP.




Appen
[ ]

Distribution of 7% momentum from Ds — 37270

Momentum and transverse momentum distributions of the 7

16000 from 1 from 1)
m D, from D,
20000 {
11000
12000
15000
10000
8000
10000 {
6000 -
1000 3000 {
2000 — .
0 0 ——
[ > 10 0 g 10

i G i 3
MC pin Gel MC pT in GeV

Figure — Distribution of 7° momentum from Ds — 3727°.



Appendix
[ ]

Some word about the choice of background to consider

o B% — K*0D.D, with the two D, deacying as Ds — 7v,
Ds — mrrm® and Dy — nann®n® already generated.

e B° — K*OD; D, with the two D, deacying as Ds — Tv already
generated.

e B° — K*0D.D;, with both D; — 7v and Ds — nwan® already
generated.

@ Construction of a "per track" efficiency by taking the square root of
the reconstruction efficiency of the four first modes = ¢(Ds — Tv),
e(DF — 7v), e(Ds — mrrn®) and €(Ds — wrrn®70).

o Cross check : ¢(Ds — 7v) x €(Ds — nrmn®) ~ ¢(B® —
K*°D,D;, Ds — Tv, Ds — wrmn®).

e Construction of an ¢(x) = ¢(Df — 7v)/e(Ds — TV).

e Computation of an estimated efficiency for the possible background
from these per track efficiencies.

@ Ranking of the backgrounds via BF X .
@ Choice of the biggest one for each type of specific topology.



Appendix

Reconstruction efficiency

Data

Reconstruction 20 — 3

BY — K*0rr(r — nrv)

0.3840 £ 0.0007

BY = K*0D,Ds(Ds — 7v)

0.4749 £ 0.0004

BY — K*0DsDs(Ds — wrnn¥)

0.02190 + 0.00002

BO — K*ODSDS(DS — 7r7r7r7r0,‘rz/)

0.1014 £ 0.0001

B® — K*°DsD(Ds — mrmmOmO)

0.5630 + 0.0005

BY — K*0Ds1uv(Ds — V)

0.4285 £ 0.0004

B® — K*D*Ds(D} — Dsv, Ds — Tv)

0.4827 £ 0.0004

B® — K*°D¥rv(D} — Ds7y, Ds — mrnm0n0)

0.4726 + 0.0004

BY — K*0D;Ds(Ds — Tv, mrmmOmO)

0.5164 £ 0.0004

B® — K*°D¥Ds(D} — Dsv, Ds — mrnn®n0)

0.5730 £ 0.0004
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Reconstructed p;,,, distribution signal vs backgrounds 20 — 3 configuration
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FD, distribution
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Dalitz plane (, m
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XGB features importances

Feature importance
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Precision of the measurement with other longitudinal resolutions.

Precision of BF measurement as function of the resolution

0.7 e SV and TV longitudinal smearing : 20 pum R
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Figure — Precision on the BF measurement as function of the vertex resolution
with 3 longitudinal configurations. Observed hierarchy issue comes from the
interplay between the smearing of the vertexing and the fit model.
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