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The first angular analysis of the B* — 77" u™ decay
using Run | and Run |l data at the LHCb experiment
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Rare B decays

* Flavour-Changing Neutral Current B decays are suppressed in the SM as they
can only occur at loop level

 Because of their suppression in the SM, rare B decays are a good probe for
New Physics

* A deviation from SM predictions in rare B decays could be evidence of New
Physics
b > > 0
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Rare B decays

» Processes are described using an Effective field theory (M, < My,):

H — & Vl C O b * AN . S
eff — CKM™~ i1 y ’t |
\/5 l \\\ ,'
7% ‘LLLL< ¢
C; = Wilson coefficients o+
related to
Point - like
0. = Local operators nieraction
\4
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Rare B decays

» Processes are described using an Effective field theory (M, < My,):

H o= & Vi C.0O h—— — s
eff — CKM ™~ iV ot
V2 5 "
~ ,I;‘/. "’LLLL< /—
C; = Wilson coefficients Cy —» vector current o+
related to C,o — axial vector current o
L Point - like
interaction
0. = Local operators
\4
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Rare B decays

» Processes are described using an Effective field theory (M, < My,):

G .
Her = Tg Z VermGiO;

Cy —» vector current

C,o — axial vector current

 Tension between measurements
and SM predictions in the latest
global fit.

 Measurements prefer NP

contributions to the Cg and C
coefficients
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https://agenda.infn.it/event/25022/contributions/130214/attachments/79891/104059/Stangl_21-03_LaThuile.pdf

Flavour anomalies in b — sl7]~ processes
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* Flavour anomalies observed
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https://link.springer.com/article/10.1007/JHEP06(2014)133
https://arxiv.org/abs/2012.13241

BT — 77u"u™" decay

BY — nTu"u" is a FCNC process not allowed at tree-level in SM

B+ pes

u > u
|

b — dI*l™ transitions are further CKM-suppressed by | V,,/V,,|* in the SM

['(b - dlTl) 1
F(b —> Sl"‘l_) 25 [JHEP10(2015)034]
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https://link.springer.com/article/10.1007/JHEP10(2015)034#citeas

Angular distribution of BY — ztu~u™ is: ;

1 d['(B— KITI7) 3 5 1
0 — :Z(l — F)(1 — cos (91)+5FH+AFBCOSQI
z

« 0, = angle between the direction of [™ and that of 7z in the [T~ rest-frame

o F H = the fractional contribution of scalar, pseudo-scalar and tensor
amplitudes

 Afppg = the forward-backward asymmetry of the dilepton system.

In the SM: FH — O and AFB i O [JHEP05(2014)082]
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https://link.springer.com/article/10.1007/JHEP05(2014)082#citeas

LHCDb Detector

* The detector is a single - arm forward spectrometer at CERN
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://cds.cern.ch/record/2253966?ln=en
https://cds.cern.ch/record/2253966?ln=en

LHCDb Detector

The detector is a single - arm forward

spectrometer at CERN
CoM energy at the LHC of 7, 8 and 13 TeV

At 13 TeV LHCb provides a bb cross-section

production of 500 ub, 24 % of pairs inside
the detector acceptance
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://lhcb.web.cern.ch/speakersbureau/html/bb_ProductionAngles.html
https://lhcb.web.cern.ch/speakersbureau/html/bb_ProductionAngles.html
https://lhcb.web.cern.ch/speakersbureau/html/bb_ProductionAngles.html

LHCDb Detector

 The detector is a single - arm forward
spectrometer at CERN

« CoM energy at the LHC of 7, 8 and 13 TeV

. At 13 TeV LHCb provides a bb cross-section
production of 500 ub, 24 % of pairs inside

the detector acceptance

 Excellent invariant mass ~22 mev/e for 2body B decays

and vertex (s +29/0TiGev] ) um resolution

* RICH system PID typical performance
between 2 and 100 GeV/c:
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BT = n7u u" atLHCb

« First measurement: differential branching fraction and CP asymmetry, using
LHCb Run | data

. Found 28.8 and 24.1 signal decays for the (1.1, 6.0) GeV/c* and
(15.0, 22.0) GeV/c* g? regions

:\l: 70 ;— LN L L L L;
> LHCb E
2 + +t ]
% ---------- g*‘:?(:;f; —E
i N, FY B+—>l_)ou+\; =
é : Bz’+—>PO’+M+M' 3
= : Bi—fuw =
Fg - e -Combinatorial 3
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O 10f E

0 " ,.,":,,,,.:” “’ '.\I. . ! , . T

5200 5400 5600 5800 6000 [JHEP10(2015)034]

m(rutu’) MeV/c?)

» Differential BF analysis using Run |+l datasets is on the way

. Expecting 95 and 80 signal decays for the low and high g regions from
Run I+1l datasets
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https://link.springer.com/article/10.1007/JHEP10(2015)034

Backgrounds

e Combinatorial
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Backgrounds

e Combinatorial > Modelled using an exponential function
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Backgrounds

 Combinatorial > Modelled using an exponential function

e Partially reconstructed:

+ B" - K %uu* KV > Kzx
+ B - pupt p — I
0 N where: and a hadron is not reconstructed
+ By = fou u fo—= nn
» BT > pTutp” pt - an
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Backgrounds

 Combinatorial » Modelled using an exponential function

« Partially reconstructed: » Modelled using ARGUS functions

B - K% ut

B - puu*

B) — fouut

BT — pTpu~u®
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Backgrounds

 Combinatorial » Modelled using an exponential function

« Partially reconstructed: » Modelled using ARGUS functions

+ B> K %up*

B - puu*

B) — fouut

BT — pTpu~u®
e Mis-reconstructed:

« B¥ > K'u=u* where K¥ — z* mis-ID takes place
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Backgrounds

 Combinatorial » Modelled using an exponential function

« Partially reconstructed: » Modelled using ARGUS functions

+ B' > K%t

B - puu*

B) — fouut

BT — pTutut

 Mis-reconstructed: » Modelled using a Crystal Ball function

o B+—>K+//t_,bt+
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Mis - reconstructed background

« BT — K"u~u™ decay where the K is reconstructed as a 7™

 Used LHCDb simulation data to plot:

'cosd, in bins of g2

LHCb Simulation

§ 1600F- LHCD Simulation _p sSikgbiny
8 1400 nofficia o Py
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Mis - reconstructed background

« BT — K"u~u™ decay where the K is reconstructed as a 7™

» Used LHCb simulation data to plot: (cos#, in bins of g2 —— Chebychev Polynomial
Fit
B — Double Crystal Ball
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Angular resolution and efficiency

45000 —
e Angular resolution and efficiency are 40000 | Angular
measured using LHCb simulation data 35000F- Resolution
300003—
- Difference in cosf, between true and 25000 00012 0.6 x 107
reconstructed events is small enough for 20000
the resolution to be neglected 15000}
100003—
- LHCb Simulation
S000E J L Unofficial
(0] il IR i

—IO.Oé 0 0.05
TRUE cos6, — RECO cos0,
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Relative Efficiency

Angular resolution and efﬁmency

45000 —
e Angular resolution and efficiency are 40000 Angular
measured using LHCb simulation data 35000F- Resolution
300003—
- Difference in cosf, between true and 25000 00012 0.6 x 107
reconstructed events is small enough for 20000
the resolution to be neglected 15000}
100003—
- LHCb Simulation
S000E J L Unofficial
(0] il IR i
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Toy experiments: Profiling log-likelihood
Goal:

Reliably determine Apg and F'y

* Toy experiment simulating

e« BT - z7u"u™ decay signal
* Angular efficiency
 Background from mis-reconstructed

Bt — K u~u™ decay

 Set the initial values:
AFB = 0.0, Fy = 0.1

» 2D Profile of the Negative LogLikelihood
function
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Toy experiments: Profiling log- I|keI|hood

Goal: T lp ' 14
) ) 0.9F" .
Reliably determine and F E
d B H 0.8 = LHCb Simulation
0.7F Unofficial 10
0.6F .
* Toy experiment simulating 05F
04F 6
« BT - 7 u"u™ decay signal 03F .
* Angular efficiency 0.2F N
0.1F ‘\ /
* Background from mis-reconstructed NS Jo
BT — KTu~u™ decay 04 -02
A_FB
. NIt . Unphysical
Set the initial values: rr'fg,{; e

Apg = 0.0, Fy =0.1

» 2D Profile of the Negative LogLikelihood
function
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Toy experiments: Profiling log-likelihood

1 ;
Goal: Il - | 14
0.9
Reliably determine Apg and /' 08k 12
- LHCb Simulation
0.7F Unofficial 10
0.6F "
Toy experiment simulating 0.5F
0.4F 6
e Bt - ztu"u™ decay signal = N
m 280 C_ I | [ _:
* Angular efficienc | F LHCb Simulation -
J y \LT:/270 - UnofrfTi]cL:a?t .-

» Background from mis-reconstructed =,
+ tyyt Z
BT — K u u™ decay

S50k
S F
Set the initial values: 240 ;—
AFB — OO, FH —_ 01 230 -

2D Profile of the Negative LogLikelihood 220}
function 2710

200 F

Minimise the NLL(F'y) for every Apg

T BT .
-04 0.2 0 0.2 04
A_FB
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« Ensemble of 1000 toys,

450 E
400 E

350

300 E
250 E
200 E

150
100

50 F

=l _ 140
Initial values: i
Apg = 0.0, Fy =0.1 120
« Results from the toys lOO;_
ensemble: 80:—
= . | — 60
] 3 40F
] 3 20F
= = 0' el R
3 = —0.4 —0.2
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Unofficial =
i R —

Toy experiments: Profiling log-likelihood

Goal:

Reliably determine Apg and F'y

LHCb Simulation
Unofficial

Maria Flavia Cicala (UoW)

bestAFB_pulls

IOP - APP, HEPP and NP Conference

0

1 | 1
0.2
bestAFB

April 2021

0.4

26



Control mode mass flts

70000 #
- + + 4
o 60000 F- N =
* Well measured control modes: 2 : B JIyK -
2 50000 |- + =
+ + c - .
B™ = JlyK S 40000 Jr E
BT — J/l//]l'+ 30000 f— —f
20000 F- -~
* Mass fit to LHCb simulation 10000 E LHCb Simulation_3
data, - Unofficial 3
selecting control mode events, 000 5200 5400 5600 3800 6000
s : my [ MeV/c~ |
fitting with a Double Crystal Ball 5 -
[ I ]
function 200E I E
g L Bt — Jlyr™ A
(0] — —
O — N
8 200;— —
150 - -
100 =
50 LHCb Simulation 3
- Unofficial 7
" ! ! rdhecededeed! . | . . . o
5000 5200 5400 5600 5800 6000
mg [ MeV/c? ]
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Next steps and Summary

 Conduct a 2D mass and angular fit on the control modes to
validate the fit.

* Perform the angular analysis on the rare mode using the
Feldman-Cousins method on data from Run | and Run Il.

= This method is preferred for better statistical properties.

« Excellent sensitivity to the SMin BT — 77 u~u™ decay.

 Aim to test the SM with b — dl™[~ processes as has already
been done with b — slT[~.
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Backup slides



Control mode mass fits

« Well measured control modes are B — J/wK and B — J/yn

« Performed a mass fit to LHCb simulation data, selecting B — J/ywK events and fitting
with a Double Crystal Ball function

» Pass preselection cuts: 70000 # — T
«» 60000 LHCb Simulation
- B_PT, hadron_PT, u~ _PT, I Unofficial
S 50000
ut_PT > 300 GeV S +
S 40000 Jr

* hadron_isMuonlLoose == 0
30000

° '_
hadron_InAccMuon!=0 20000

 Pass trigger selection cut 10000

* Apply mva_mcweights from MVA D00 5200 5400 5600 5800 6000
conducted by the BF group my [ MeV/c? ]

* Apply PIDresampling cuts
(ProbNNpi_resampled<0.25 && ProbNNK_resampled>0.2)

- Apply BDT to >0.4 from BF analysis
e Simulation correction weights applied
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