LFU measurements
at high g2
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" b—sf+f- at high @2

Large number of

measurements at high g2

in different b—=sutu-
decay modes:

» Branching fractions,
angular observables,
CP- and isospin-
asymmetries.

See contributions from
broad resonances
above the open charm
threshold in our data.

LHCb [EPJC 77 (2017) 161]
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Background subtracted and
efficiency corrected dimuon mass

distribution of B+— K+u+u-decays.



https://doi.org/10.1140/epjc/s10052-017-4703-2

Data/theory comparison at high g2

Experiment Theory
* Several broad o (alculations typically use a
charmonium resonances " local OPE.

B. Grinstein and D. Pirjol,

[PRD 70 (2004) 114005]
M. Beylich, G. Buchalla and T. Feldmann,

[Eur. Phys. J. C 71,(2011) 1635]

contribute (above the
open charm threshold).

e |nterference effects are

important.  EXpect agreement between

data and prediction only in
integrated observables (up-to
guark-hadron duality violating
effects).

e Pattern is not the same as
seen In etre—— hadrons.

Irrelevant for LFU tests? Two exceptions: we need accurate predictions to
interpret results in terms of Co and Cio; and we rely on the distribution to
correct experimental results for the migration of events in g2.



https://doi.org/10.1103/PhysRevD.70.114005
https://doi.org/10.1140/epjc/s10052-011-1635-0
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Hx and Hx:

e What LFU measurements do we have so far?
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LHCb [PRL 122 (2019) 191801] LHCb [JHEP 08 (2017) 055]
BaBar [PRD (2012) 032012] BaBar [PRD (2012) 032012]
Belle [EPS-HEP 2019] Belle [arXiv:1904.02440]

* Only have measurements from the B-factory experiments at large g-.



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032012
https://doi.org/10.1007/JHEP08(2017)055
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032012
https://arxiv.org/abs/1904.02440

" R« and Ry at Belle ||

e Extrapolating current performance to Upgrade |I:

Observable Belle [0.7ab™"] Bellell [5ab™!] BelleII [50ab™"]
Rx [1.0,6.0] GeVZ?/c* 28% 11% 3.6%
Ry > 14 GeV?/c? 30% 12% 3.6%
Ry~ [1.0,6.0] CeVZ/ct 26% 10% 3.2%
Ri» > 14GeV?/c? 24% 9% 2.8%
Rx. [1.0,6.0] GeVZ%/c* 32% 12% 4.0%
Rx. > 14GeV?/* 28% 11% 3.4%

From Belle |l physics book [arXiv:1808.10567]



https://arxiv.org/abs/1808.10567

Angular observables

Belle has also made measurements of

the optimised angular observables at
low- and high-g2.

>

Measurements with dielectron and
dimuon final-states are compatible.

2.60 tension between Ps and SM
predictions at low-@g2.

X

Belle [PRL 118 (2017) 111801]
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http://dx.doi.org/10.1103/PhysRevLett.118.111801

Q Why hasn’t LHCb made measurements
of Rk, Rk or Rpk at high gq2?

A Bremsstrahlung effects are large and
this makes the analysis more difficult.




' Energy loss in LHCDb

"
» Dielectron and dimuon final-states 09 <g <l
look very different in our analyses due 1000}- -
to the energy lost by electrons in the final-state radiation (PHOTOS) =———*
detector. Lafter recovery
500 -
 Bremsstrahlung emission is much Sremsstranlung in detector
more significant than the QED e e ] J
emission considered in the SM _ " change in m(e+e)
calculations. Experimentally we e
cannot separate the two effects. WO 15<¢* <17 ]
* |Impact of the energy loss depends on 2000:
G- , with a larger migration at high @=. [
* The signal line shape, and the tooof
migration of candidates in g2, [
depends on the underlying @? o S =
distribution of events within a g2 bin. change in m(e*e)
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Bremsstraniung

* Depends on material in detector and energy of electrons:

10 mrad section of
the beam pipe

25 mrad section of
the beam pipe ™ ;
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* Unfortunately LHCb is not that lightweight (ex see >70% Xp before
ECAL) and the electrons are high energy.




Bremsstranlung recovery

Magnet high B-field low B-field H Brem. after of the

bending (® or ®) magnet ends up in
plane the same ECAL

cluster as the e+
low B-field “ 3

II#

Brem. from the
VELO region

 Large energy loss through Bremsstrahlung in the detector
(significant fraction of the ex energy).

e Add clusters with Er > 75 MeV/c2 in the ECAL, within a search window
about the track direction, to correct for Bremsstrahlung emission.

* Mass resolution depends on the energy resolution of the calorimeter.
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Comparison of dimuon and
dielectron final-states

LHCb [JHEP 08 (2017) 055]
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* Even after Bremsstrahlung recovery, we see large differences between
dielectron and dimuon final-states.
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https://doi.org/10.1007/JHEP08(2017)055

Comparison of dimuon and
dielectron final-states

LHCb [JHEP 08 (2017) 055]
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* Signal is washed out for dielectron final-states due to impertect
Bremsstrahlung recovery.
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https://doi.org/10.1007/JHEP08(2017)055

Comparison of dimuon and
dielectron final-states

LHCb [JHEP 08 (2017) 055]

10°

s b Dol e b Ly |

'-

p

1
[

6000
m(K*m-utu) [MeV/c?] m(K*me*e”) [MeV/c?]

« Narrow charmonium resonances have larger tails for dielectron final-
states (due to imperfect Bremsstrahlung correction and the energy
resolution of the ECAL).
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https://doi.org/10.1007/JHEP08(2017)055

Comparison of dimuon and
dielectron final-states

LHCb [JHEP 08 (2017) 055]
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* Partially reconstructed backgrounds with missing pions are not well
separated from the signal for dielectron final-states.
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https://doi.org/10.1007/JHEP08(2017)055

I Hk at low g7

Similar contributions
seen In selected

B+— K+£+f- candidates.

Projecting onto the

reconstructed B+ mass for

1.1<g2<6.0 GeV?/c4:

Leakage from
/ JlwK+ decays.
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e.qg. BH0—=»K*+0eg+e-

decays.

Candidates at large
mass constrain the
combinatorial
background.

LHCb [PRL 122 (2019) 191801]
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Rk and Rk-at high g7

N

Combinatorial and partially
reconstructed backgrounds

T o0E r r 3 : are sculpted by the
T 18 bl b ‘1'-— : - - =Jn available phase space.
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e Athigh @2 it becomes challenging
to statistically separate signal from
background.

+, =+t
combinatorial background m(K7 )
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I Ak and Hk+at high g2

e Canwefitin 2D?

»  Features are easy to distinguish by eye in 2D but we don't know the

underlying g2 distribution of the signal or partially reconstructed backgrounds.

 (Can we constrain partially reconstructed backgrounds,
e.g. using the K™et+e- signal to constrain the background to K+rete-"?

»  Would require some assumptions, €.g. can we assume isospin symmetry?
* (Can we constrain the combinatorial background shape?

» It's unfeasible to generate enough MC to build a template. We could assume
the behaviour is same in the dielectron and dimuon final-states or use same-
sign combinations. Unclear how safe these assumptions would be since it

depends on the origin of the leptons.
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" Other Drocesses’”

| X suppressed by smaller Bs production fraction

e Bs—¢ 0+0- (fs/fa ~ 0.26).

o Ne—=pK-C+E- v reduced partially reconstructed background
(largest source involves a missing kaon and

o Np—=NE-E- s better separated from the signal).

18



" Other Drocesses’”

Bs_'gb£+ g_
A= pK-0+0-
N\p—=/N\E-{-

X very little phase space at high @2.

Background subtracted pK mass
distribution of Ap—=pK-utu- decays in
1.1<0?< 6.0 GeV2/c4:
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See contributions from a large number
of /\* resonances at large masses.

19


https://arxiv.org/abs/1912.08139

" Other Drocesses’”

- X suppressed due to need to

* Bsoplil reconstruct long-lived A baryons.
* N pK-Ere- v partially reconstructed
backgrounds are suppressed.
e ANp—AN0-0-
v/ signal predominantly expected
at large @z.
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Detmold et al. [PRD 93 (2016) 074501]

LHCb [JHEP 06 (2015) 115]



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.074501
https://doi.org/10.1007/JHEP06(2015)115




