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Standard Model (SM)

e SMis an excellent theory for describing /
particles and their interactions

e Still, it leaves a lot of open questions

e Testing SM predictions to look for
New Physics (NP)
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Testing the SM using B meson decays

e Decays of B mesons are great channels to
probe the SM for New Physics (NP)
e We look at B>K %ce

Y < Y&
Y * vya

e This is a very rare decay!
BR of ~ 1.03 x10°!
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Testing the SM using B meson decays

e Decays of B mesons are great channels to
probe the SM for New Physics (NP)

e We look at B>K %ce

e This is a very rare decay!
BR of ~ 1.03 x10°!

GESR

Branching
Ratios

Y < V&I

Compare the SM
predictions with the
measurements

Any discrepancies could
be a sign of NP
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Large Hadron Collider (LHC)

e 27 km circular particle accelerator
at CERN

e Proton-proton collisions

® 4 beam collision points

ATLAS

ALICE

CMS

LHCDb

e 2 data taking periods (Runs 1 & 2)

o Run 3 ongoing

O O O O
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Large Hadron Collider beauty (LHCDb)

e Beauty (bottom) quark dedicated

ECAL HCAL <. Bl experiment
RICH2 w1 y MO gl 230mrad e Composed of several subdetectors
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Large Hadron Collider beauty (LHCDb)

e Beauty (bottom) quark dedicated
experiment

Composed of several subdetectors

(Detect position & momentum]
lof particle

Measures energy deposition

Particle identification (PID)
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B°— K %ee topology

K is not stable and decays
immediately to K and =

o We're looking for B > K'me'e’
q°is the di-electron invariant mass

Data split up into different q* regions

dB(B° - K ) /dg*

interference

S

[ R
-~

narrow c¢¢ broad e¢ and
DD thresholds

10 15

g’ [GeV?/c']
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Goal of the analysis

e The decay is described by 6,8k, ¢ and g?
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Goal of the analysis

e The decay is described by 6,8k, ¢ and g?

1 dYT+71) 9

f(l — Fp)sin® 0k + Fj, cos® O
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LS, I8in 26 sin 26, cos ¢ H Sslsin 260 sin 6, cos ¢

kin 26 sin 0 sin ¢

Goal of the analysis:
Measure the coefficients
describing the angular
distribution

e Compare with
SM predictions

e Perform an

in f sin” 6 sin 20 angular fit

e Do this for each
q* bin
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Analysis strategy

e Run 1and Run 2 LHCb data %
o Structured in nTuples ;1

e Selection of data very important . Cy' = Cliy 3
o Separate signal from backgrounds ) i

e Analysis performed in bins of g 3 oo . B bm,dcé;md
o Lowq%[0.1,1] GeV¥c* Qi rference DD}hfesh"'ds
o Center g% [1,7] GeV¥c* o s 015

e Make use of Monte Carlo (MC) simulations
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Workflow and production of nTuples

e Workflow

o Perform corrections to MC

=
i shakemake

o Selection of events
e Has some bottlenecks

o Improve them!

o Fix issues that come up Q =

e Create nTuples!

=Kv)
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Boosted Decision Trees (BDT)

WEIGHTING wE!GHT ING
‘ é?i . ‘ZO%% .*a{?%

’ITZAINING ’DECLSION TRAINING DECSION TRAINING  DECISION
) SAMPLE TRE | SAMRE TREE
SEQUENCE T SEQUENCE 1T SEQUENCE TIT

Silvia Ferreres Solé

e Machine Learning tool for separating signal from background
e Identifies patterns in features to predict signal
e Assigns a score to each event based on their ‘signal-likeness’

o) Nik[hef
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https://cds.cern.ch/record/2843584/files/CERN-THESIS-2022-250.pdf

BDT Goals

® Goalis to reduce background while

retaining signal
e Train the BDT using training samples

o MC signal
o Lower and upper sidebands of data

o) Nik[hef 16



BDT performance and overtraining

WEIGHTING WEIGHTING
e BDT’s performance is based on: ‘ @i ‘ {23 "gg}i
J

o the features ’I?AINING ’DECISION ’I’RAIN!NG DECISIQ\I TRAINING ~ DECISION
| ARE TREE

SEQUENCE T SEQUENCE T SEQUENCE TIT

o the hyperparameters
o the training samples
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BDT performance and overtraining
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Particularly, we want to avoid overtraining
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BDT performance and overtraining

WEIGHTING WEIGHTING
e BDT’s performance is based on: ‘ @» ‘ {23 "’2{%&

o the features ’I?AINING ’DECLSION ’I’RAIN!NG DECISION TRAINING ~ DECISION
1 | ARE TREE

SEQUENCE T SEQUENCE T SEQUENCE TIT

]

o the hyperparameters
o the training samples

e Particularly, we want to avoid overtraining

e Tuning the hyperparameters,
target the BDT’s complexity

Nik|hef 19



Old BDT starting point

Train vs Test using XGB

. . )| s (train) | g 200 g0f=1.08
e OIld BDT as starting point Jo¢ | W B (train) B §Z/ndof—1.65

+ S (test) AUC score = 0.9683
+ B (test)

e XGBoost from scikit library

Arbitrary units

Feature importance
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Old BDT starting point

e OId BDT as starting point

e XGBoost from scikit library

e We spot overtraining!

n_estimators
max_depth
learning_rate
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800
3
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min_child_weight = 1

GESR

Feature importance
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Optimizing BDT

e We tune hyperparameters

® Choose those that target
the BDT’s complexity

e Each combination of values gets
assigned an AUC score

True Positive Rate (Sensitivity)

n_estimators
max_depth
learning_rate
subsample
min_child_weight

Perfect ROC
classifier

AUC

False Positive Rate (1-Specificity)

Nik|hef
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Optimizing BDT

e We tune hyperparameters

® Choose those that target
the BDT’s complexity

e Each combination of values gets
assigned an AUC score

e Use GridSearchCV function to find

the best combination given a range
o Find the highest scoring combination!

GESR

True Positive Rate (Sensitivity)

n_estimators = 800
max_depth =3

learning_rate = 0.06
subsample = 0.5

min_child_weight

Perfect
classifier

AUC

False Positive Rate (1-Specificity)

200

0.05
0.5

ROC
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Optimized BDT in central g2

e S (train)
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BDT for low g2

e Now we want the same, but for the low g bin
e But, before starting from scratch we check
how the central g BDT performs here

o) Nik[hef 25



BDT for low g2

e Now we want the same, but for the low g bin

e But, before starting from scratch we check

how the central g BDT performs here

Retention central ¢? low ¢?
Signal 0.883+0.002 | 0.88040.002
Combinatorial 0.021240.002 | 0.02124-0.002
Partially Reconstructed | 0.702+0.012 | 0.712+ 0.012

We can work with this!

Nik|hef

26



mass peak pre and post BDT

Central

Low

m(Kn ee) pre vs post BDT central q2
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Troubles with reconstruction of electrons

L 35 : E
N LHCb _§
e Electron Bremsstrahlung 10® higher than muons! 2 * * """ 3 ieE .
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https://link.springer.com/article/10.1007/JHEP08(2017)055

Semileptonic background studies

e Semileptonic decays is one of the most

common b quark decays u‘
_mt
e Itisalarge background in our data . /f‘;j{d
e We used to have a cut in place to deal b—> —— o
with this, however ... 5o ‘
u
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Semileptonic background studies

e Semileptonic decays is one of the most
common b quark decays

Ul =

e Itis alarge background in our data
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https://scripties.uba.uva.nl/search?id=record_52934

New cut for (some) semileptonic decays in central g?

New cut using brem 0 events and

probability of electron being ...

o Pion
o Kaon
o Proton

More on this later...
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Effects of new cut
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Preliminary Mass Fit

l

~

e Making use of Likelihood function »C(fffi . 5) - H f(
)

e Using Minuit to minimize this to

find best pdf — I ,C(fl 5) = — Z In f( —+|'/Z:’l')

sﬁ@ Nik|hef 33



Preliminary Mass Fit
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MC Signal Fits
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MC Generator Level Decay Angles
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MC Angular Fit w/ Acceptance
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Comparison effects of cut in ctl on angular coefficients
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Outlook for semileptonic backgrounds

e Target SL decays below m(K*e") < 2000 MeV?/c* g0, (p- (K & K7 ) )etn

e Peak in high cos 6¢ B® & (D* = (D o K*r)n)etv,
2
e Use the y* on the electron vertex B® & (D~ — (K* — K*+1-)e~5,)et v,
m(K+n- e- ) Combined cuts B_M02 < 2000 Cos 6 B_M02 < 2000
2000 4 1750 4 ctl new cut
| 1500 | [ ctino cuts \—LL
1250 4
1500 + £
¥ 1000 -
g 1250 ,% -
g 1000 2008
) 750 250
500
250

-1.00 -0.75 -0.50 -0.25 0.00 025 050 0.75 1.00

0 T T T T T T T T T
1000 1500 2000 2500 3000 3500 4000 4500 5000
m(Krne) (MeV)
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Conclusion

GESR

Provided contributions to the collaboration
o Optimizing steps in workflow
o Creation of nTuples
Improved the BDT by optimizing hyperparameters
o Both central and low g2
Replaced a cut on semileptonic decays
o To be used as a starting point
Provided a preliminary mass and angular fit
o Mass fit on data
o Angular fit on MC

Nik|hef
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Thank you
for your attention!
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Thank you
for your attention!
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Decay angles definitions

01> between the direction of the e*and the direction opposite to that of the B®in the rest frame of the dimuon system
Ok> between the direction of the K*and the direction of the B%in the rest frame of the K°
¢ - between the plane defined by the electrons pair and the plane defined by the kaon and pion in the B% rest frame
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Wilson coefficients

e The operator C7 describes the radiative decay b - sy
e The operators C9 and C10 both describe the b » q€¢ transition. C9

corresponds to the vector current, and C10 to the axial current
e Finally, C10 describes the B > € +£ — decays (in the SM)
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Semileptonic backgrounds

T L | Y 3 T ——
LHCh 0.01F LHCD E
0.01¢ Simulation 7 g Simulation
B* o K-ete : B Kirete :
1 ) 4 . ] B B (D =2 (K°>K'z ) )etv. 4
— B: >\ n_ - I\,"T . _'/f B B (D' = (D= K'z )n ey,
P = 20 ; lg' : ,l:’ :I(;“'u £ B B"- (D = K" )"y,
= ( —) e v, )ey, o= 3 ™ Qa . T -
:: 10-3 - ZZ] Semileptonic veto E j 10 Semileptonic veto 3
= - >
E :'—j L,
= =
10 . 10— 2
10°-° I S e e IS W AT A 1077 S N o 7 S
1000 2000 3000 1000 5000 1000 2000 3000 4000 5000

m(K*e) [MeV/c] m(K*7~e”) [MeV/c?]
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Outlook cuts after BDT

140 A

120 A

100 A

Events/bin

GESR
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Hyperparameter definitions

n_estimator: amount of trees or rounds in the model
max_depth: maximum depth of a tree
learning_rate: step size shrinkage

subsample: ratio of training instance, selection of the training data

min_child_weight: minimum sum of instance weight needed in a child
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Feature differences Data vs MC

Data MC
B IPCHI2_ OWNPV B _IPCHI2_OWNPV

= htemp 250 htemp

e Entries 217905 Entries 2266
8000 Mean 8.074 Mean 3.742

- Std Dev 6.839 Std Dev 4.521
7000 200
6000 —
5000 — 1501
4000— B

- 100/—
3000— B
2000— B

[ 50 -
1000— L

oL ok el i 225 PN L R
0 25 0 5 10 15 20 25
B_IPCHI2_OWNPV B_IPCHI2_OWNPV
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orrelation Matrix

Kstar_PT

L_Max_PT -

Beta- -0.16

_VTXISODCHI20ONETRACK - 0.035

SODCHI2MASSONETRACK - -0.013

Kstar_IPCHI2_OWNPV - 0.085

L_Min_IPCHI2_OWNPV -  0.074

B_IPCHI2_OWNPV - -0.0059

Jpsi_ENDVERTEX_CHI2- 0.1

Kstar_ENDVERTEX_CHIZ - -0.16

B_DTF_PV_chi2 0- -0.023
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BDT train vs test low g2

Features

B_VI_VTXISODCHI2MASSONETRACK
B_DTF_PV_chi2_0
Kstar_IPCHI2_OWNPV

B_VI_VTXISODCHI2ONETRACK -
L_Min_IPCHI2_OWNPV A
Kstar_PT

B_IPCHI2_OWNPV

L_Max_PT

B_eta

Kstar ENDVERTEX_CHI2 +
Jpsi_ENDVERTEX_CHI2 +

600

Arbitrary units

sigma

104 .

103 -

[ S (train)
B B (train)
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4 B (test)

AUC score = 0.9803
S x?/ndof=0.87
B X?/ndof=0.97
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Combinatorial and Partially Reconstructed Fits
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BDT training samples

Cuts:
Signal: 4900 < B_M < 5600
q2 (1, 7] or [0.1, 7] for central or low
Backgr: 4600 < B_M < 4900 and B_M > 5600

Sample | Size I [ S
Signal (MC) 56618 78171
Background (Data) 22722 25686

GenericPresel & GenericPresel Additional &
TighterKstOPresel & VetoesPresel & TriggerPresel
& CloseVeto & MeerkatPresel_Tight & PIDPresel

BO_BKGCAT =10, 50 or 60

% Nik[hef 53



BDT efficiency sample sizes

Sample Size [1, 7] Size [0.1, 1]

Signal (MC) total 19171 38742

Signal (MC) Brem 0 5357 10699

Signal (MC) Brem 1 9582 19480

Signal (MC) Brem 2 4232 85663
Combinatorial (Data) 5459 5178
Part Reco (MC) total 1505 1424
Part Reco (MC) Brem 0 314 275
Part Reco (MC) Brem 1 817 793
Part Reco (MC) Brem 2 374 356
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