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Introduction = LHCb detector

LHCb detector

Single-arm forward spectrometer:
® Forward angular coverage, designed for the heavy flavor physics with 2 < n <5 (~ 25% of bb
pairs in detector acceptance)
o Efficient trigger, excellent performance of tracking and vertexing, powerful particle identification,
allow to perform high precision measurement of B decays
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Introduction | Lepton flavour universality

Introduction - LFU

® Semileptonic b-hadron decays provide powerful probes for testing the

epton Flavor Universality,

which states that the interactions of the STl
electroweak bosons with the leptons are
independent of the lepton flavor (e, u, 7) _

u,d

® | FU can be tested with ratios of branching fractions to final states with different lepton
flavors(¢ = e, p):

Br(B® — D*rv,)

Br(B% — D*fv;)’

® New Physics (NP) can be detected in angular coefficients even if R(D*);/, is compatible with SM

R(D*)7/e =
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Methodology | Effective field theory

Other LFU measurments - angular analysis

® The NP can be characterized in the angular analysis

e Full angular differential decay rate for B — D*(— Dr){v, using
cos 6, cosfp and x:
d*r 3 @), 2
=2 J! fi 00), 0p),
dg?d cos(0¢)d cos(0p)dx 8w Z i (q)fi(cos(Bi), cos(0o), x)

i

Decay intrinsic structure can be fully characterised by 12 angular coefficients:

o) ® Forward backward asymmetry : | Ars(q?) = %Uﬁcﬁj“)

dq?

d

2
® D*— longitudinal polarisation : m = a0, (q°) + cop(g°) cos? Op

FD* (q2) — agD(qz) + CGD(q2) — 3J15 — J2C
t 330, (¢?) + cop(q2)  3J1c — Joc + 615 — 2
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Methodology | Effective field theory

Effective field theory

® The low-energy effective theory based on the assumption of three light lefthanded neutrino
flavours below the electroweak scale for B® — D*fv, at dimension six can be written as

o Her(b— cl) = 4GFVbZ (Osm + GO))
® Dominant SM. NP corrections parametrized
by adding new operators and coefficients
® Wilson coefficients
® Wilson operators

4G
Hetr = TF cb{[( + 1€y )P + [ Cyp PR} YuPrL + [ Cs|+Cp | PL+[Crlo" PLou P+ h.c}

® C;,Cgr,Cs, Cp, Cy are complex NP couplings (= 0 in SM)

e Different NP models (W', H*, LQ, ...) = different combinations of couplings
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Methodology | Effective field theory

New Physics contributions

The dependence of angular observables from Wilson Coefficients

o _ ee’ u’ o’ M ee’ o _ M o/
G, =Cy +Cy Cy =Cy, —Cy Cp s,

Observable [ [Cal?> [ [Cv|? [ [Cp2 | |CrI?> | Re(CaCy) | Re(CaCh) | Re(CaC3) | Re(CyvCh) | Re(CyC3) | Re(CpCy)
dr/dq v v v v (m) (m) (m) (m) (m) (m)
num(Ars) v () v (m) (m) (m) (m)
num(Fy) v (m) (m) (m) (m)
i v (m) (m) (m) (m)
num(FL) (m%) (m) (m) (m) (m)
e v (m) (m) (m) (m)
num(S3) v (m) (m) (m) v

Terms suppressed by lepton mass shown as (m) or (m?). The table is taken from C. Bobeth, et al
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Methodology | Effective field theory

Effective field theory - The g° dependence

e Different New Physics currents have different dependence on the g2
e |deally the measured values of angular coefficients should be splitted in g2 bins
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Methodology | Effective field theory

Motivation : Current experimental situation

® There were hints of LFU violation in untagged measurements of data from Belle detector
arXiv:2104.02094,arXiv:2310.20286 in (Arg) — (A%g) (the QCD uncertainties cancel out in
difference)

® |dea: Make the model-independent template fit of full-differential distributions and measure 12
angular coefficients per lepton for B — D*ev. and B — D*puv,, based on LHCb 2016-2018 Data.
Cross-check Belle results on the hadron collider
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https://arxiv.org/pdf/2104.02094.pdf
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Background template fit

Methodology - Background templates

To fit the kinematic distribution of the decay in the presence of backgrounds a template fit can be
performed:

Three variables of interest can efficiently separate signal

2 2 from background:
Mpiss = (pB — Ppt» — p#)

® Lepton energy in B® frame Efo —

] 5 cannot be used due to correlation with cos 6,

‘mmiss
—0 " . D(*) ® Momentum transfer > = (pgo — pp+)* —
B cannot be used due to g* bin splitting
2 _ 2 . .
E* o 9= (Pe — Pp) ® Squared missing mass (5 bins)
t g Mr277issing = (pBO — Pp* — PZ)2 € [—2,6] GeV?

® For each background 4D templates are created in
variables cosf, cosfp, x and M,i,—ss,-,,g
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Background template fit

Methodology - Background templates

Template fit projection on M2, :
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Model-independant template fit

Methodology - B — D*{v,

The following effects have a significant impact on the kinematic distributions and must be accounted for
in the signal templates:
® Kinematic-dependent detector efficiencies

® Neutrino reconstruction procedure: approximation using the velocity of the reconstructed

(B8): _ (Puric):

charm-lepton system, pH, along the beam axis z: o o
HHc
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Model-independant template fit

Template fit procedure

® To resolve this issue model-independent template fit approach is implemented Hill D. et al.
® The decay density is a linear sum of 12 angular terms. Effects of background, efficiency, and
resolution are also linear — 4D unbinned density = binned 4D templates

® The goal is to incorporate efficiency and resolution effects into binned angular terms — templates
(using true angular coefficients from MC)

Unbinned angular
functions

d*r® 3 ©
dq2dCOS(9£)dCOS(9D)dX 87T Z‘j ( ) fI:(COS(OE)’ COS(GD)7X) -

Binned angular
templates

% ZJ’.(Z)(qZ) hi(cos(6y), cos(0p), x)
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https://arxiv.org/abs/1908.04643

Model-independant template fit

NP template fit cos 0y, B — D*uv,

® Example of sensitivity to NP of angular observable - (Afz) for vector contribution with right
helicity of b quark V_gRIL with different amplitudes (relative to the SM):
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Model-independant template fit

NP template fit cos6y,, B — D*ev,
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Model-independant template fit

4D Data template fit results, projections, B — D* v,

e Linear combination of MC templates from Template fit of data 2016-2018. Fit projection:
signal and background are used to fit the
data ’;‘ S L I B B
® Angular coefficients and background 33000003_ LHCLD,’;‘}L%?;E;ZOIS U“Off‘ml_i
fractions are free parameters of the £ ; — T
. = . v+ BY=D" L
template fit S ] RO
L. . 200000 N W Combinatorial Background ]
® Binning scheme for data is [ - Lopton D
P i
[COS 0D7 Cos 65) X Mmiss] - [3’3'6'5] 100000 :
® Binning edges are placed to have ;
approximately the same statistic in each bin oL
for angles cos 8
D
® Missing mass bin edges are evenly spaced s SE ; : :
g op 4 ! o
_5:....|....|....|....:
-1.0 -0.5 0.0 0.5 1.0
cos Op
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Model-independant template fit

4D Data template fit results, projections, B — D* v,
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Model-independant template fit

Fit validation with bootstrapping, B — D* v,

® To validate the fit and
estimate the limited

template statistics - 763/\ .
unce rta i nty, bOOtStra pping w0 ~== Generator level Unbinned fit 8 . 0
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Model-independant template fit

4D Data template fit results, blinded coeffficients

e Blinded template fit result on the Fit Parameter Value
combined 2016+4-2017+2018 I1s 0.0611 4 0.0025 4 0.0027 (MC syst.)
dataset for B — D*jw,, 12¢ -0.0836 + 0.0100 + 0.0118 (MC syst.)
12s 0.0228 + 0.0055 = 0.0059 (MC syst.)
® The values of the angular I6c 0.0008 £ 0.0073 + 0.0085 (MC syst.)
coefficient are shifted and 165 -0.0496 + 0.0039 + 0.0043 (MC syst.)
multiplied by a random factor. 13 -0.0288 £ 0.0045 + 0.0050 (MC syst.)
14 -0.0513 + 0.0045 + 0.0052 (MC syst.)
® Systematic uncertainty from 15 0.041 + 0.0035 + 0.0040 (MC syst.)
limited MC template statistics :7 0.0006 10-0037 10-0042 ((MMCCSyst-))
: : 8 -0.0007 + 0.0047 £ 0.0055 syst.
are estimated from bootstrapping o 10,001 4 0.0046 - 0.0044 (MC syst )
Signal fraction 0.8709 4 0.0059
D* excited states fraction  0.0918 + 0.0048
D*r fraction 0.0036 4+ 0.0028
D*Ds(— 7 ...) fraction 0.0172 + 0.0044
Combinatorial fraction 0.0054 + 0.0019
Fake mu fraction 0.0196 + 0.0044
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Analysis status and outlook

Analysis status and outlook

Model-independent template fit of B — D* v, and B — D*ev, procedure allow to extract all 12

angular coefficients from the 4D fit

® Angular coefficient measurements at LHCb can achieve statistically competitive Belle Il precision
(some systematic contributions still have to be evaluated)

® Sensitivity of the fit to NP is tested

Toy studies conducted:
® Systematic uncertainty of the limited MC statistic is evaluated
® Toy validated in different g° regions

Plans:

® Finalise systematics :
® Estimate the model-dependant uncertainty for the main background cocktail - D**
® Obtain final fit results for electron
Thank you for your attention!
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Analysis status and outlook

Backup Slides

Backup Slides
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Analysis status and outlook Reconstruction

Reconstruction procedures

Rest Frame Approximation (RFA) Solution of quadratic equation (QDR)
Procedure assumes that the proper velocity of the Hj As the B® mass is well known. its momentum can be
hadron along the z-axis the beam axis is the same for estimated up to a two-fold ambiguity from its line of
as for the reconstructed charm-muon system, pfc: flight between the reconstructed primary and B°
mpyg . .
lpm,| = > (ppm. )=V 1+ tan® a vertices:
TTL;!H,‘

(m¥ +m%,)|Py| cosbpoy + Ey \/(mZBU —m})? — dm, [Py 2 sin? O go y

Pzl = 2L~ [y oo O y)
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Analysis status and outlook Reconstruction

—+— Minus QDR solution —— Minus QDR solution
Plus QDR solution = Plus QDR solution
—t— Closest to truth QDR solution 54 —}— Closest to truth QDR solution
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Reconstruction resolution for two solutions of QDR method in B — D*uv,
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4D Data template fit results, flattened

Analysis status and outlook

Reconstruction
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Analysis status and outlook

Template fit procedure

Reconstruction

Find true angular coefficients Iy
through the unbinned fit

1 a’rt
¢ dcos(8,) d cos(8p),dx —

= Xy - fx(cos(8y), cos(6p) , x)

l

Obtain each event weight using true Iy

fx

X =S T

Bogdan Kutsenko

cos(6,),cos(0p), ¥

MC signal

—

True Generator angles Reconstructed angles

cos(8,),cos(0p), ¥

|

Apply event weights wy to the
reconstructed angles. Obtain templates:

hX(COS(Hf) ’ COS(HD) vX)rec
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Analysis status and outlook Reconstruction

Toy studies. Boot g of signal and background. Fractions

® Fractions of signal and = e |
background are also \
reliably retrieved from the ” i

template fit
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Analysis status and outlook Reconstruction

Methodology - Model independent template fit procedure

® To resolve these discrepancies between reconstructed and true angles the angular fit procedure
described in JHEP 11, (2019) 133 can be used

1 df®

2
0 ~(p)..3€0s"0p —1
e = [l + (A eosty + 11— 3(FY))

2

f(€) ¢ 5 0
%digsaD =301 <F£ ))) sin’lp + %(FE )} cos? 0
r) £ ON -
f(ll) d;x = % .+ ﬁ<5§ )> cos2x + %(Sé )) sin2x
v
10 (e , i
Ay = (3 — 31— 3)(F)) IR + (A heas, + 2(1— 3(F(?)) ooz g,

£(€) 14 4
o amsay = 11— (F))hcanstp| + B(FL”) = 1) heos2 gy

f(€) I3 4
f(li/)dgix = (i - 3%(<Sf§ )>) hC°"5th + %(Sg )> h(1+c052x)
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https://arxiv.org/abs/1908.04643

Reconstruction

Analysis status and outlook

MC distributions B — D*uv,, cosfp, cos b,
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Analysis status and outlook Reconstruction

True MC distributions B — D*uv,, costp, cos 0y,

o i oty
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® The unbinned fit on generator-level angles
is performed to determine the true angular coefficients [ o -
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Analysis status and outlook Reconstruction

4D Signal templates with Reconstruction and Resolution Effects

cos 63 - (2.0 - cos 6 — 1.0) Template

000F — T T T4
[ [ Template
-0.02 L
. 1 —00sf ]
-0.03 |- b [ ]
0041 v 010 e Ly A
-2.5 0.0 2.5 0 5
cos(p) cos(6e) ¥ [rad] My [GeV?]

Projections for 4D template of reconstructed quantities of one out of 12 angular terms. The same templates are
produced for each angular function. Binning scheme is [cos 0p, cos 0¢, X, M) = [3,3,6,5]. Angles binning edges
are placed to have approximately the same statistic in each bin. Missing mass bin edges are evenly spaced
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Analysis status and outlook Reconstruction

Results on MC - 1D fit

® Expected statistical uncertainty is estimated using the same selection
R(D™)eu, which is currently in the advanced state

criteria as in the ongoing analysis for
® All of the results obtained on the simulation

T T T
Standard model

T T T T
Standard model
1 MC SM BLPR (R(D")yyy statistical reach) i MC SM BLPR (R(D")jyy statistical reach)
¢ EXP Belle fit arXiv:2301.07529 ¢ EXP Belle fit arXiv:2301.07529
EXP Belle fit STAT ERR EXP Belle fit STAT ERR
o ]
1 | 1 L I L I 1 1 L L
0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.18 0.20 0.22 0.24 0.26 0.28

Forward-backward asymmetry A(F‘;,)

1
0.30 0.32
Forward-backward asymmetry A(F,;

® Even though we had enough statistics in MC for 1D fit, the results were dominated by systematic
uncertainties from a limited MC sample

Bogdan Kutsenko

® In total 300 Million events requested and processed for B — D*eve and B — D*puv,,
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Analysis status and outlook Reconstruction

Processing pipelines

Signal and Background MC Tuple — Signal and Background Template

1
2 PID -
) \Applvnlgt_'l:_latlon Resampling [éata-lzé"lven
Preselection | : . Use PIDGen olanl e g 4D Histogram
To reject partial T Compute D v, b ildi
el R o } l'ecjonstr’:‘uctecty * Unbinned (use DerAeEfent BRLEng
background gsﬁ;gsﬂ)—"w correction weights

Data Tuple and D*¢ WS Data Tuple — Data Histogram and Combinatorial D"/ template
\

|
\ "
| Apply Isolation BDT 4D Histogram

P lecti
Sl | To reject partially * 2D fit to (8M,m(D") ~ Building
m(D°)

- |
e reconstructed background

- Compute sWeights

FakeMu Tuple - Fake u template and Fake e Template
\ |Lepton

\
| Apply Isolation BDT Selection

To reject partially excluding ¢ PID ransf T S
reconstructed background selection 2 3 m(D%)) Building

Preselection
nSPDHits > 450

4D Histogram
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Analysis status and outlook Reconstruction

Toy studies. Toy study to assess empty bin effect.Q2 splitting. Angular

coefficients

® Momentum transfer (5

binS) q2 = (pBO — PD= )2
€ [0,10] GeV?

® To test the effect of

limited statistics, a toy e e I R e R
study was done on the 1 : .
. 2
last bin of g~ from 7.5 to
10 GeV?
A 300 400
001 0.00 001 0.02 o0 Rhrymy 002 0.00 0.02 -0.02 0.00 002
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Analysis status and outlook Reconstruction

Data 2D projection. Restricted phase space region

B02DstarMu

fomu S L L B

® The study was done to ~ r .
check if we have empty (% X k ]
bins in the templates and = 4r g 7]
what binning we should N . 1
use 2+ —

® Both in Data and MC i ]
there is a phase space 0F -
restricted region on 2D C ]
distribution of M2, and oL R R
costie) 10 -05 00 05 10

® This region was excluded cos(6y)

from the fit Data for 2016-2018 combined. Scattering plot of M2, and cos(6;)

distributions)
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Analysis status and outlook Reconstruction

Toy studies. Bootstrapping of signal and background. Q2 splitting.

Angular coefficients

® Momentum transfer (5
bins) ¢ = (pgo — pp-)?
€ [0,10] Gev?

® To test the effect of
limited statistics, a toy
study was done on the
last bin of g2 from 7.5 to
10 GeV?

9
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Analysis status and outlook Reconstruction

Toy studies. Bootstrapping of signal and background. Q2 splitting.

Fractions

® The decrease in statistics
results in a wider
distribution. Nonetheless,
this does not introduce a
systematic bias into the
measurement

S

* ' "o sgnst
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Background Templates

Analysis status and outlook

Background Templates

Expected number of events for each
background was estimated using
branching ratios from PDG, trigger,
stripping, and selection efficiencies

Background modes MC simulation
was requested, processed and
combined with already existed
samples

Have enough statistics in the
templates now to separate main
background modes

BY — Dr*(tuyy

BY — D**I***¢+1, and

Bt — D**I***¢+y, distributions are
similar, they were combined, relative
ratio is constrained

Double charm B® — D*D and
BT — D*D are combined as well

Bogdan Kutsenko

2 r t LHCb simulation
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https://indico.cern.ch/event/1299034/contributions/5462251/attachments/2690760/4669286/250722__Semiliptonic_WG_MC_request_for_the_combined_angular_analysis.pdf

Analysis status and outlook Background Templates

Toy studies on Full MC. Q2 splitting. Correlation matrix
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Analysis status and outlook Background Templates

Resolve correlations

® One possible way to resolve high correlation is to transition to an orthogonal angular function
® Might be useful for the calculation of Forward-backward asymmetry or D* polarisation

_ 2
0= m o — 155sin2 f'sin? 6, cos 2y
VIO - (3sin? ¢ — 2) °T 16y/m
€= N o — 155sin? §sin? 6, sin 2x
V30 cos? 0 cos 0, 16/7
& = T o — 155sin 260'sin 26 cos x
V6 - (5 sin2 9 — 2) cos 6, . 16.ﬁ . (2)
e = _ 15sin 260 sin 260, sin x
8y @ 16y/7
o — 5v/2 - cos? 0 (3 cos2 0, — 1) 0 — 3/5sin 20 sin 0, cos x
8/m 8v/m
\/ﬁ(—lSSinZHSin2 0, +10sin26 + 65sin2 6, —4) o — 3v/5sin 260 sin 0, sin x
e = 6z 11 8/

(1)
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Analysis status and outlook Background Templates

Methodology - Background templates

To suppress background contributions a template fit can be performed:

Background decays Three variables of interest can efficiently separate signal
@ BY — D**/ty, from background:
e B — D***E-Q-V? ® Lepton energy in B® frame (10 bins)

EF’ € [100,2500] MeV2 —
cannot be used due to correlation with cos 8,

© B = D*D (= (T X

o B° - D~ (7’Jr — €+V778) vy

0 + + + ® Momentum transfer (2 bins) ¢° = (pgo — pp= )?
6 B° - D*D; (—> (t+ = t+v,7) V7->X et o 5
@ BT — DTy, cannot be used due to g° bin splitting
@ BT — D¥** Ty,

* Squared missing mass (5 bins)
Bt — D*D (— tr) X *
@ ( Ve) Mrznissing = (pBO — Pp* — PZ)Z € ['2'6] GeV2
© B* - DD (= (7" = ruig) vy ) X
o .

® BS N D:*€+Vg For each background 4D templates are created in

variables cosf,, cosfp, x and M,%,,—ss,-,,g
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Analysis status and outlook Background Templates

Fit validation with bootstrapping

® To validate the fit and

estimate the limited E:j:E e g 1
template statistics 2 il B i ]
uncertainty, bootstrapping Sy Bsapne |01 ]
is performed on the MC . o I ]
sample of signal + T o T W em e e T

background H
® |teration of 1000 fits o [ ]
reproduce generator level 1o ]
1 4#f 4 40fF 3
angles reliably o ]
® Green vertical line - ‘ ‘ 3 o J— ’
results of generator level ol S St
unbinned fit i ” o

Bogdan Kutsenko
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Analysis status and outlook Background Templates

Fit validation with bootstrapping. Correlation matrix

2D Correlation Matrix between Fit Parameters in Full MC

Fractions obtained from the fit 1.0
@ — e e e —
£ ]
] 0.8
5] L ]
S 250 ] |
] | 206
200 — __ 0 om 003 n oo o0s 009 :
150 - q
Double charm fraction ]
Combinatorial fraction 1
100 - D*Ds(— 7 ...) fraction ]
D" 7 fraction 1
I Fake mu fraction ] frac_DstTau
50 Signal fraction ] frac_DstDsTau
D* excited states fraction b frac_ WS
0 | T S ] frac_misIC

1
0.0 0.2 0.4 0.6 0.8
fraction

Fractions obtained from template fits with
bootstrapping on Full MC
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Analysis status and outlook Background Templates

Toy studies. Toy study to assess empty bin effect

® Some of the background templates have
empty bins outside of phase space
restricted region

® To test the influence of background
template statistics we can use the smooth
density function unbinned fitting procedure
that is described here: arXiv:1902.01452

® Full MC signal and density estimated

background template fit of the signal and
background sample

® Sampling of background templates

Bogdan Kutsenko 4 November, 2024 19/19



https://arxiv.org/abs/1902.01452

Analysis status and outlook Background Templates

Toy studies. Toy study to assess empty bin effect. Angular coefficients
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Analysis status and outlook Background Templates

Toy studies. Toy study to assess empty bin effect. Fractions

E2s0f Z 60197 £ 00002 50194 00002
2 - 00051 + 00001 150 00001
g 3 = ]
200f 300 q
500 ]
250 E
150 Nominal background template statsties ] 400
x10 background template satistics 200 q
— Gauss w0 ]
100f 150 q
200 ]
100 1
sof q
100 1 s k|
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2a0f LA A
2 00016 + 00001 00045 10,0001 q
S
1sf w E
300
150F 1 w0 E
2s0F ]
sf 1 20
200 q
100 1 ]
) 150
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A TR e
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® Background template statistics / empty bins don't significantly affect the result of the fit.
Fluctuations are well described by normal distribution.




Analysis status and outlook Background Templates

Orthogonal basis

Another advantage is the possibility to obtain angular coefficients directly from orthogonality, without
the fit. The example with spherical harmonics:

/ Vim0, 0) Yo (6,0) sin6 dO do = 6 Sy 3)
(0p, 00, x) = il o<l cos? Op + hssin® 0
P\Up, e, X 7dc0599dcosﬁg dy 1c D 1s D
+[he cos® Op + b sin® p] cos 26,
+[/loc cos® Op + lgs sin® 0p] cos b, (4)
+[l5 cos 2x + Iy sin 2] sin? @ sin? 6
+[ls cos x + Igsin x] sin 20, sin 26
+[ls cos x + I7 sin x] sin 8 sin 20
Hi.mn = /P(QD,W,X) €,mn(0p, 00, x) sinfp dip sinb, db, d. (5)
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MC distributions

Analysis status and outlook

Background Templates

B — D*uv,, cosfp,cost,

X

Generator SM:  pesss
B s ™ i e
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Templates

0.0 ' ' v L 0.00_' LI S N LN B N B
True 1 i

Tem ] i L ]

0.1 s 170051 B

] ] _o.10 LM LAl Lo L o

—0.2+ T [ - True i
J i | +—— Template

N T B 1-0152 v v v 0y s T

-1 0 1 -2.5 0.0 2.5

cos(6p) cos(6p) y [rad]

Projections for 3D template of J& = cos(fp)? * (2.0 * cos(f,)? — 1.0) angular function
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Analysis status and outlook Background Templates

Template fit model independence

® The simplest way to prove the model Independence of 1D template fit is to remake templates with
different NP contributions, i.e. to reweigh reconstructed and generator angles. If the approach is
indeed model-independent, all templates are supposed to be the same within statistical uncertainty

) i —— V_gRILO.1i 1

1 r —}— V. qRIL03i 1

1.0 - —— V_qRILOSi T
F E —— V_gRIL0.7i 1

L —+ ]

V_qRIL 0.9i

0.5

PRI R R B S T

OO [ PR T T N S TN N S NSO T T T AN TR WY R [ MR R PRI BT R
-1.0 -05 0.0 0.5 1.0 -1.0 -05 0.0 0.5 1.0
cos(6p)

Constant template Quadratic template
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Template fit cos 6,

Template for a constant Template fit of MC with BLPR SM formfactor parametrization
FT AL L R UL N B B
5 10000 iR 1
% L 4+ MC ~ L,
S goo0 L —— Model % i
=) N o
e ol
O [ .:.J
6000 |-
‘‘‘‘ 4000 | _I..J 8
g 2000: I-[ PRI S P I TR T TR S N SR T T S |
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o SprT T T L L R L
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5—1 0 —O 5 0. O 0.5 1.0

cos(dr)
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Template fit cos 6p

Template for a constant Template fit of MC with BLPR SM formfactor parametrization
i“ —— ey = B B B
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TS wof o, i
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Template fit cos

Template for a constant Template fit of MC with BLPR SM formfactor parametrization
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Smooth density function

Analysis status and outlook

Background Templates

unbinned fitting procedure. Results
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