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Rare decays and /Ao

e Rare decays are suppressed in the SM and can happen at loop level only.

» Flavour Changing Neutral Current processes .. -

— forbidden at tree level in the SM Ay d d, A

e New Physics can enter in the loop

» Very sensitive to new physics effects
— small SM component: BR typically ~10° or less

» No evidence in direct searches so far
— loops can probe high energy scales
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Has non-zero spin: unlike B mesons allows to improve QCDF
the understanding of the helicity structure
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No—A\°up branching ratio

e Reconstructed using the A°>—p1 mode 18
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SM prediction

e J/WA% used to normalise the BR
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Already observed at CDF (prL 107 2011 201802) and LHCDb (pLs725 2013 25) Only in g2 above y(2S).
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Angular analysis

e In Ab—/A%upu the A° decays weakly
— unlike for B decays the hadronic side asymmetry is also interesting

e Measure two forward-backward asymmetries: in dimuon and A° system
e Selection based on a neural network classifier

e Fit one-dimensional angular distributions

Differential rates
as a function of the angles

dI’
d2dcos 0, x (14 2A%5 cos6p,)
dI’ 3

ot §(1 + cos0y)(1 — f1,) + A%p cosy + fL sin® 6,
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Angular analysis

e In Ab—/A%upu the A° decays weakly
— unlike for B decays the hadronic side asymmetry is also interesting

e Measure two forward-backward asymmetries: in dimuon and A° system
e Selection based on a neural network classifier

e Fit one-dimensional angular distributions

Forward-backward asymmetry
in the dimuon system

dI’
1+ 248 b
dg?d cos 6}, B 2apn covd,
dI’ 3 3 .
T p—) X §(1 + cosbp)(1 — fr) s 0o + ZfL sin® 6,
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Angular analysis

e In Ab—/A%upu the A° decays weakly
— unlike for B decays the hadronic side asymmetry is also interesting

e Measure two forward-backward asymmetries: in dimuon and A° system
e Selection based on a neural network classifier

e Fit one-dimensional angular distributions

Fraction of longitudinally
polarised dimuons

dI’
X
dg?d cos 6},

dl’ 3 S e
o, X §(1 + cosp)(1 @ A% cos 8, + ZfL sin® 6,
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Angular analysis

e In Ab—/A%upu the A° decays weakly
— unlike for B decays the hadronic side asymmetry is also interesting

e Measure two forward-backward asymmetries: in dimuon and A° system
e Selection based on a neural network classifier

e Fit one-dimensional angular distributions

Forward-backward asymmetry
in the hadronic system

e en
DS
dg?d cos Hh b

dl’
ot §(1 + cos0y)(1 — f1,) + A%p cosy + fL sin® 6,
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Angular analysis

e In Ab—/A%upu the A° decays weakly

— unlike for B decays the hadronic side asymmetry is also interesting

e Measure two forward-backward asymmetries: in dimuon and A° system

e Selection based on a neural network classifier

e Fit one-dimensional angular distributions

Candidates per 0.2

PDF""(cos0;) = [ftheory(cos 0;) + fbkg(cos 0;)] x e(cosb;)
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Most challenging: LHCB-PAPER-2015-009
asymmetric acceptance. LA/
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Angular analysis: results
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Asymmetries as a function of g2
Only where the signal significance is above 30

Physical boundaries in the parameter-space:
— using Feldman-Cousins inspired “plug-in” method

“— 1 —
LHCb [15.0,20.0] GeV?/c4
Two-dimensional 08 Preliminary .
S . L )
68% CL region 06 —> k
0.4F -
. 0.2 ]
Physical - _ > ]
region = o,
-0.5 0 05
AFB

APeg is in good agreement with SM prediction

Aleg is compatible within 2 sigma but consistently
above the prediction

— Could be due large cc contributions.
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Summary

e Updated measurement of Ap—A°uu with errors improved by a factor of ~3
e First evidence of signal al low g2
e First measurement of angular observables

e The study of Ay and its decays Iis still young but staidly growing:
— recent measurements of mass, lifetime, polarisations and more.

Thank you for listening!

@ O

045 LHcp Preliminary o wedicion 3 pa 18— T
0.3F = L2 16F - .. -
S * Da E T p [sveecn Preliminary ]
0.2¢ E 8 14 ... E
0.1t E 5 12F 3
OE _E m 7 — T T 1] ‘\-‘8_ e L E
0.1 = - o .. . = I 5 N ]
~E 3 < 08F LHCb Preliminary M oraicion U] | E
0.2F = F P 3 = ,sF :
e E - 3 06:— E < 0.65—— ——————————————————— E
'0'3‘;_” ******************* T E 0.4F bat N r 0_4—_1 - E
-04F JL + E 0.2 1 Fo2F® ] _I_ LHCb
05 L oft + - 3 ° B
2 [GeV2 et o2b  Trum :*?H‘ E 0 5 10 15 20
o [GeV*cT] wuE 0 R e 3 R [GeV?/cH

06F =

-0.8F =

_1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l
0 5 10 15 20

o [GeV ¢

Moriond EW, YSF L. Pescatore



Backup
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Angular analysis: uncertainties

e Statistical uncertainties:
- Lepton side PDF has physical boundaries — can bias the uncertainties

- Likelihood-ordering method treating nuisance parameters with the plug-in method used for
uncertainties (arXiv:1109.0714)

v/ Based on toy experiments

fL

v'  Well defined frequentist coverage
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Dark area: region of the parameter
space where the PDF is positive.
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e Systematics:

-  Effect of a non-flat efficiency on the integration of the full 5D angular PDF

- Data-MC discrepancies (MC used for most of the efficiencies)

- Particular choice of backaround parameterisation

-  Effect of finite angular resolution — asymmetric bin migration
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Feldman-Cousins method

arXiv:physics/971 1021

Feldman-Cousins method plug-in method to extract confidence bands
» Choose Parameters of Interest (Pol) and fit data with Pol free and fixed

» Generate toys with Pol fixed to tested values and nuisance parameters (all other
parameters) from fixed fit on data.

» Fit toys with free and fixed Pol ( logL free ) < ( logLfree )
» Look how may times log likelihood ratio logL fized ) goiq logLfized ) 310
In data is smaller than MC e Tl e e S
» Scan values to look for 68%, 95% etc. arXiv:1109.0714v1
‘ \“—m——--———- — e Starts to be widely used in LHCb
? /\ e Allows to consider nuisance parameters: no
—=l_ L confidence belt
Dr/‘ E\ / e Guarantees full coverage
O L /a" "7 P o Rgtgrns 2-side intervals and upper limits in a
unified approach

L. Pescatore Rare decays at LHCb HEPFT, 2014
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Using J/WA for cross-check

LHCDb
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Rare decays at LHCb
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Tot. eff. (A.U.)
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Angular acceptances

In LHCDb long-lived particles, like A°, can be reconstructed with hits in the VELO (log)
or without hits in the VELO (downatream).

- Up- and down-stream events are characterised by different efficiency and resolution

- Asimultaneous fit is performed on the two categories
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Results tables

Table 6: Measured values of leptonic and hadronic angular observables. The first uncertainties
are statistical and the second systematic. The statistical uncertainties on A%‘B and fi are also
reported in Fig. 12, evaluated as two-dimensional 68% confidence level regions. The uncertainties
reported in this table are estimates obtained using the Feldman-Cousins method where only one
of the two observables is treated as parameter of interest at a time.

¢? interval [GeV?/c? ] Afp fL Alg
0.1-2.0 0.37 337 + 0.03 0.56 22 + 0.08 —0.12 93 + 0.15
11.0-12.5 001.F ¢ 006 040204 0.06 —0.50 T2 +:0.04
15.0-16.0 —0:107212 + 003 04920 4 005 —0.19*31%+0.03
16.0-18.0 —0.07 05 £0.04 06871502 +005 —0.447108 +0.03
18.0-20.0 0.01 1013 + 004 0.62F537 +£0.04 —0.1317705 + 0.03
15.0-20.0 —0.05 909 £0.03 0.61F57; +£0.03 —0.29 t557 + 0.03

LHCB-PAPER-2015-009
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fL values
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Confildence regions
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N\v decays

e Recent A\, measurements at LHCD:
» Lifetime: 1.482 + 0.021 ps (PRL 111 (2013) 102003)
» Polarisation: 0.06 + 0.09 (PLB 724 (2013) 27)
» Mass: 5619.44 + 0.51 (PRL 110 (2013) 182001)
)

Hadronization fraction: (PRD 85 (2012) 032008)
falfa = (0.387 £ 0.043) + (0.067 + 0.017)(n - 3,198)
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g4 spectrum DNA
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Blake, Gershon & Hiller: arXiv:1501.03309v1
Rare decays at LHCb HEPFT, 2014
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Fit on J/W/\ mass
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arXiv:1211.6759

PID
using information
from RICH and
muon detector

Training: signal MC and
sideband background
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Angular analysis

e In Ab—/A%upu the A° decays weakly
— unlike for B decays the hadronic side asymmetry is also interesting

e Measure two forward-backward asymmetries: in dimuon and A° system
e Selection based on a Neural Network using the NeuroBayes package

e Fit one-dimensional angular distributions
PDF**(cos ;) = [ft"*°"¥ (cos 0;) + f°%9(cos 8;)] x £(cos b;)
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Angular analysis

e In Ab—/A%upu the A° decays weakly
— unlike for B decays the hadronic side asymmetry is also interesting

e Measure two forward-backward asymmetries: in dimuon and A° system
e Selection based on a Neural Network using the NeuroBayes package

e Fit one-dimensional angular distributions
PDF**(cos ;) = [ft"*°"¥ (cos 0;) + f°%9(cos 8;)] x £(cos b;)
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Ao—A\°up branching ratio

e Already observed at CDF (prc 107 2011 201802) and LHCD (pLB725 2013 25)

but only in the low g2 region

: Relative branching fract
e Reconstructed using the A—p1 mode clative DrancimSulsSisl

LHCb =

preliminary } % ]

0.25

e J/WA as normalisation to limit systematics
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e Analysis on 3fb*: ~300 observed events

e Peaking background from B—Ks decays
modelled In fit.
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Inner error: total systematic

Outer error: statistical (dominant)
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Ao—A\°up branching ratio

e Already observed at CDF (prL 107 2011 201802) and LHCD (pLB725 2013 25)

but only in the low g2 region
e Reconstructed using the A—p1T mode
e J/WA as normalisation to limit systematics
e Analysis on 3fb*: ~300 observed events

e Peaking background from B—Ks decays
modelled In fit.
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Absolute branching fraction
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Ao—A\°up branching ratio

e Already observed at CDF (pre 107 2011 201802) and LHCDb (pLe725 2013 25)

but only in the high g region, above p(2S) Al branch;ngpracﬁon

:I--8:""I""III | L

e Reconstructed using the A—p1T mode
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e J/WA as normalisation to limit systematics

—®= Data

e Analysis on 3fb*: ~300 observed events

e Peaking background from B—Ks decays
modelled In fit.
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