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Why look for very rare decays? (1)

SM: vertices involving v, Z° and G are flavour-conserving, no FCNC at tree level (GIM)

Only at one-loop level — suppressed processes.
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“Size” of the FCNC transition (effective vertex) depends on d

* masses of internal quarks/leptons u .
= D more suppressed than B, K decays
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* Viekm elements
= (b — d) more suppressed than (b — s)

But




Why look for very rare decays? (2)

®\
e

But!

Purely leptonic final states: theoretical calculation clean, Hes under

control
- low-energy hadronic matrix elements from leading semileptonic decays

- perturbative QCD corrections recently improved

New Physics can strongly modify the BR (new processes, new particles)

More on electroweak
HO AY penguins on Thursday
"""""""" Fe (K. Petridis)

Example: diagrams contributing to B?s) —utu.
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LHCb analysis discussed

DO — u+u_ el R-parity violating models

Kg — T~ — Models with new light scalars

B(Os) = ;L+;L_;L+,u,_ dl VISSM models with sgoldstino pairs production

B?s) — ,u“‘,u_ — Extended Higgs sector models
“a



General analysis strategy: LHCb experiment

i Particle ID
Tracking

gcar HCAL
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Tracking stations K, m, p ID Trigger+ e/y energy and ID
momentum




General analysis strategy: signal selection

Triggers: mainly muon and dimuon lines
(eTrRIG ~70-90%)

Particle Identification: u for final states, \ \\‘\\ ‘ o——

h for control channels LR Vertex (sV» T

(ex. €up ~98%, €xr—p ~0.6%) \\{\‘ / _5_..Daughters
\{ / —

Meson mass requirements
(ex. rr(m)B?%“wr ~ 26 MeV/c?)

Primary vertex (PV)

Flight distance (8 mm)
Vertex criteria: tracks fitting, pointing, /
separation /
(("vertsx “’16}lm in x,y)

Backgrounds rejection

Combinatorial background — MultiVariate Analysis:
real leptons in the events, not coming from the same meson-decays
MVA classifier is typically a Boosted Decision Tree (BDT)

“Peaking” backgrounds — MC/data-driven studies
exclusive decays with final state hadron(s) misld. as muon (h — p)
might peak in the signal search window
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General analysis strategy: BR estimation

Normalisation on a channel with same topology, to reduce uncertainties

BR (signal) = Neignal ignal | BT (norm)

Nrnorm €norm

Efficiencies ¢ from MC, data-driven corrections.

Blind approach: signal region examined
only after analysis and strategy for
systematics extraction are optimised

Limit determination: CLs method for compatibility of observation with
expectations, significance (typically set using CL, estimator)

Branching fraction estimation: unbinned likelihood fit to mass spectra

rare dec


http://inspirehep.net/record/599622?ln=en

LHCb analyses discussed

D% — p,+u_ el R-parity violating models




Events / ( 3.75 MeV/c?)

Analysis of 0.9 fb=! at LHCb (2011)

[LHCb-CONF-2012-005]

Use D° from D** decays (D*t — D%(— ptp=)nt)

Main backgrounds: combinatorial + peaking from D% — h*h~ (mainly double
misidentified D® — 77)

Normalisation on D% — 77—

Unbinned extended maximum likelihood fit in 2D (m(up), Am=mps+y-mpo))
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https://cdsweb.cern.ch/record/1426268?ln=en

D® — ;17 best new limit

SM: strong GIM suppressions, BR sy ~ 6-107 1 at 90%C.L.  [Phys. Rev. D66 (2002)]
Best experimental limit (Belle) was: BR exp < 1.4:10 7 at 90% C.L.

Observation compatible with expected background, limit extraction with CL,
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Still orders of magnitude larger than SM, paper in preparation with improved analysis.




LHCb analyses discussed

Kg — T~ —  Models with new light scalars
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[LHCb-PAPER-2012-023, arXiv:1209.4029]

Analysis of 1 fb~! at LHCb (2011)

Normalisation on K2 — 77—

Combinatorial background (exponential) 4+ peaking Kg — w7~ with double
misld (power law function)

Selected Kg — 777~ events: Background model fitted to data:
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http://arxiv.org/abs/1209.4029

Ks — p*p~: world's best limit.

SM expectation: BR sy = (5.1£1.5)-10'? [NuPh B366(1991)189] [JHEP 0401(2004)009]
Best experimental limit (1973) was: BR op < 3.2-10° " at 90% C.L.

Results: candidates consistent with expected background, limit extraction
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BR (K2 — utu™) < 11(9) - 1079 at 95(90)% C.L.

Factor 30 improvement on limit!



http://www.sciencedirect.com/science/article/pii/0550321391900564
http://arxiv.org/abs/hep-ph/0311084

LHCb analyses discussed

B(Os) = ;L+;L_;L+,u,_ B \1SSM models with sgoldstino pairs production

LHCb", Discretel2



B(Os) — T [LHCb-CONF-2012-010]

SM: BR of non-resonant mode (B — putp~~y*(utp~)) < 10710

[Phys.Rev. D70(2004)114028]
No experimental limits before this analysis.

Analysis of 1 fb—* at LHCb

Selection to maximise signal and remove resonant mode BY — J/1)¢

Normalisation on B® — J/1h(— up)K*0(— Kr)

v LHCb
3 Preliminar . : :
E ash BYwindow \ reminaLy Result: 1 event observed in Bg window, 0 in
& b \ BY. Consistent with expected background
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at LHCb", Discretel2



https://cdsweb.cern.ch/record/1427774?ln=en
http://prd.aps.org/abstract/PRD/v70/i11/e114028

LHCb analyses discussed
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B( ) — ,u pu—  — Extended nggs sector models




B(OS) — up~: SM and

SM prediction
FCNC (Z-penguin, W-box) + helicity suppressions
Effective calculation with QCD correction [Buras et al., arXiv:1208.0934]:

BR (B° = p ™ )sm = (1.0740.10)-107*°
BR (B — ptp)sm = (3.2340.27)-10°

Time integrated correction, accounting for the finite width Al'(Bs)
[LHCb-CONF-2012-002] [De Bruyn et al., PRL 109, 041801]:

BR (B — pp~)4Y, = (3.54+0.30)-10—°

Beyond SM

am? m
sr o [JICRel (-7 + | (S + 2> [ - B -

o, “Very rare decays at LHCb", Discretel2


http://arxiv.org/abs/1208.0934
https://cdsweb.cern.ch/record/1423592?ln=bg
http://prl.aps.org/abstract/PRL/v109/i4/e041801

B(OS) — up~: SM and

SM prediction
FCNC (Z-penguin, W-box) + helicity suppressions
Effective calculation with QCD correction [Buras et al., arXiv:1208.0934]:
BR (B° = p ™ )sm = (1.0740.10)-107*°
BR (B — ptp)sm = (3.2340.27)-10°

Time integrated correction, accounting for the finite width Al(Bs)
[LHCb-CONF-2012-002] [De Bruyn et al., PRL 109, 041801]:

BR (BY — ptpu~)A0 = (3.54+0.30)-10~°

Beyond SM

4m2‘ 2
sr o JIERElR (1-5) + | (e + - ( 6 S i, Bl
New particles & diagrams: [SM coupling and BNIEREeIITeT]:5

o, “Very rare decays at LHCb", Discretel2


http://arxiv.org/abs/1208.0934
https://cdsweb.cern.ch/record/1423592?ln=bg
http://prl.aps.org/abstract/PRL/v109/i4/e041801

B(OS) — up~: SM and

SM prediction
FCNC (Z-penguin, W-box) + helicity suppressions
Effective calculation with QCD correction [Buras et al., arXiv:1208.0934]:
BR (B° = p ™ )sm = (1.0740.10)-107*°
BR (B — ptp)sm = (3.2340.27)-10°

Time integrated correction, accounting for the finite width Al(Bs)
[LHCb-CONF-2012-002] [De Bruyn et al., PRL 109, 041801]:

BR (BY — ptpu~)A0 = (3.54+0.30)-10~°

Beyond SM

4m2‘ 2
sr o JIERElR (1-5) + | (e + - ( 6 S i, Bl
New particles & diagrams: [SM coupling and BNIEREeIITeT]:5

Axial contributions suppressed with respect to | (pseudo-)scalar

= B(Os) — pt " sensitive to NP in the scalar sector.



http://arxiv.org/abs/1208.0934
https://cdsweb.cern.ch/record/1423592?ln=bg
http://prl.aps.org/abstract/PRL/v109/i4/e041801

B(OS) — pp~: 2012 analysis

Signal/background classification

Selection: pairs of ut p—, displaced vertex,
m(p) € [4900-6000]MeV /c?

BDT: discrimination of combinatorial

- 102
background, real u's from bb — uuX E
- trained on MC samples 103 w Signal
. . 0 E
- calibrated on data (exclusive B® — hh for [ o Background i
signal, dimuon mass sidebands for bkgd) 107~ 02 0a 06 08 1

Signal Invariant Mass (IM)

g

Pdf: Crystal ball function

a
8

Peak position: from exclusive B® — hh
decays (h=K, )

Candidates/ (10 MeV/c?)

Resolution: from interpolation of dimuon
resonances (J/, ¢, T, ...), in agreement E AM
with exclusive B® — hh result 5000

NoN o

5200 5600
My [Mev/c?]

Normalisation on two independent channels: B — J/wKjE and B® — K, averaged.
Ratio of b-fragmentation fractions f;/f; = 0.256+0.020  [LHCb-PAPER-2012-037]




0
Bls)

— ptpu~: backgrounds for 2012 analysis

Combinatorial

contaminates mass windows
exponential model from sidebands interpolation

EBET double misid

peaking in mass windows (particularly Bqg)
shape from MC, folded with misld from data

Exclusive semileptonic decays,
single h — 1 misld

negligible in mass windows; some [Jj [l included
in the sidebands fit, to avoid an interpolation bias
shape from MC, normalisation with misld from data
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E (improved in 2012):
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B(OS) — ,U+/J,‘72 2012 blind data [LHCb-PAPER-2012-043, arXiv:1211.2674]

Mass sidebands fit for 8 TeV data, 7 BDT bins:
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All background pdf’s are included in the global fit of the blind data sidebands:



http://arxiv.org/abs/1211.2674

B(OS) — w2 unblind!

Fit to unblinded 8 TeV data, 7 BDT bins:
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B(OS) — "~ Combined results 201142012 (1.0+1.1/7Y)

NB: analysis on 2011 data repeated with 2012 strategy.

Observations vs Expectations.

observed candidates in 2012 dataset,
binned [IM, BDT] plane ( ,

m,, [MeV/c?]
o g
g 8

o
i}
=3
S

comparison of Nyps with Nesx’\lf and Né’xk‘f’

CLs method to assess significance.




B&)—+/ﬁ1[1 Combined results 2011+2012 (1.0+1.1/1)

NB: analysis on 2011 data repeated with 2012 strategy.

Observations vs Expectations.

observed candidates in 2012 dataset,
binned [IM, BDT] plane ( ,

m,, [MeV/c?]
o g
g 8

o
i}
=3
S

1
BDT

comparison of Nyps with Ngf\lf and Né’xkg

CLs method to assess significance.

B® — ptp—: No excess.
Combined 2011+2012: new world best limit!

BR (B® — utp )exp <7.1:10710 at 95% C.L.
BR (B® — put i) ops <9.4-10710 at 95% C.L.

1
1

1 RS A L R A R
osi Expected Bkgd LHCb ]
b +SM signal
[ (median, 16 band)
0.67— ]
[ Observed N
0.47 Y%
0.2f ]
P O S Ol e o ]
0.6 0.8 1 1.2 1.4

02 04

B(B® > u* i) [10°]

Compatibility with bkg only hypothesis:
p-value = 0.11




In the Bs mass window, at high BDT...

W S. Oggero, “Very rare decays at LHCb", Discretel2




B(OS) — "~ Combined results 201142012 (1.0+1.1/7Y)

B? — 1"~ excess!

ol
|

0.8]

0.6

0.4]

0.2]

B(B ~ W' W) [107]
Compatibility with JSIE=RIWA hypothesis:
p-value = 5.3:10~% = 3.50 excess
Compatible with bkg+signal !

Double sided limit, at 95% C.L.:
1.1.107° <BR (B? — ptpu=)<6.4.10°

at LHCb", Discretel2



~: Combined results 201142012 (1.0+1.1/71)

0 —
B? — ut i~ excess! B? — ptp~ BR extraction

Unbinned maximum likelihood fit in [4900-6000]
MeV/c2, see slide 21:
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1.1.107° <BR (B? — ptpu=)<6.4.107°
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',' / Rare decays: interesting probeﬂgﬂlphm/}cg. lw![jlm[:ﬁ?

LHCb analyses presented, common general strategy (limits at 95% C.L.):

D° — ptp : BR <1.3-1078

K — pfp—: BR <11 -107°

B(os) — pupp: BR < 1.3 (5.4) 1078
B® — ufp : BR < 9.410°%°

B - utp~: BR = (3.2713)-10°

» More on |

» What next?
Experimental bounds closing in on the SM BR s, but still space for NP!

New variables to investigate, ex: ratio of BR (B — utpu~)/BR
(B® — u'u™),effective lifetime... .

S. Oggero, “Very rare decays at LHCb", Discrete12
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Impact of Bg — ,Lﬁpf result on NP [MasterCode webpage]

MasterCode: Markov Chain MonteCarlo method to construct a global likelihood
function that receives contributions from full set of electroweak precision
observables

A SM-like BR (B? — utu~) is expected in constrained SUSY models, as
CMSSM or NUHM1

new BR (B? — ptu~) result is still quite consistent with SUSY

the favoured regions in the parameter space of these models do not change
significantly after the inclusion of the new constraint
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O prrrrr
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6 8
BR(B,— Mp)[x10°7]

Combination of BR (B? — utpu~) measurements: ATLAS (Winter 2012), CDF
(ASPEN 2012), CMS (Winter 2012), LHCb (HCP 2012), and



http://mastercode.web.cern.ch/mastercode/news.php

More on LHCb: VELO IP resolution

Impact Parameter (IP):

particle
trajectory

. secondary
vertex

primary vertex

IP, Resolution Vs 1/p,
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More on LHCb: VELO Vertex

resolution

Primary Vertex resolution in (x,y):

[ X'and Y resolution - offline, exactly 1PV |

2/ ndf 59.8/33
Prob 0.002913
X-Const  0.1061= 0.009001
Power 0.6605 = 0.0661
Epsilon__0.0004835 = 0.001658
%2/ ndf 4356/33
Prob 0.1034
Y-Const  0.1164=0.0121
Power 0.7626 = 0.07157
Epsilon _0.002562 = 0.00129

ry
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Primary Vertex resolution in z:

[ Z resolution - offline, exactly 1PV |

= 03
3 r 2/ ndf 47.78/33
E F Prob 0.04628
= r Z-Const  0.8578:0.1154
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For a 25-tracks vertex: in transverse plane = 13 um, in z-direction = 71 um




More on muonlID at LHCb

Muon Identification

isMuon requirement:

- track extrapolated from tracking to muon stations

- look for (muon station) hits in a defined field of interest (FOI)

- combination of requirements on track p and number of hits found

muon hypothesis test:

- information from muon system, RICH and CALO combined to build a muon
likelihood L(u) and a non-muon one L(K), L(x)

- global DLL (ALogl) used as discriminating variable for the muon test

Calibration and efficiencies determined on data (tag&probe methods): J/v — puu,
D — Km, Ks — mm, etc

Ex, B(Os) — ptp~analysis: simultaneous cuts of DLL(p — ) >-5 and
DLL(K — m) <10 reduce (by a factor ~5) the rate of B — hh events with double
hadron misidentification




More on BY, — putpu~ptp~

In SuSy extensions of SM, goldstino superpartners (S and P sgoldstinos)
can be light enough for emerging in decays of SM particles
[arXiv:1112.5230v2]

Sgoldstino coupling to SM fields are prop to the SuSy breaking
parameters

Prominent signature of sgoldstino pair production is 2 muon pairs!
BR (Bs — SP < 107%)

LHCb search sensitive to Bs — SP with m(P) similar to that reported by
HyperCP [PRL 94, 021801]

SM non-resonant u MSSM with

. SP sgoldstinos :
. s,d
)’ u P < +
w




BP, — "~ Status at today

(s)
Status at June 2012 (LHC): Status at November 2012 (LHCb only):
0 +,,— 109 0, _ _
gz (g% — /VL+,LL7) < gi 187102“ 9955{)0/C.L. BR (Bf s /A+/L ) _ (324:1152)10 9
(B = p'p) <8l at 95% BR (B® — ptp~) <9.41071° at 95% C.L.
C.L. [LHCb-PAPER-2012-043]

[LHC combination note]

20 T
8% C.L.(double sided)

15 MSSM-LL

109 x BR(Bg — ™ u)

10° x BR(By — u*p™)

0 10 20 30 40
109 x BR(B: — ptu”)

109 x BR(B; — utp”)

[Straub, Moriond EWK 2012]



http://cdsweb.cern.ch/record/1452186
http://arxiv.org/pdf/1205.2209
http://arxiv.org/abs/1211.2674

More on B(OS) — 7 selection

PDF

After selection:

- pairs of opposite charged muons

- secondary vertex displaced

- m(ppu) in the range [4900-6000] MeV/c?
- loose cut on MVA discriminant

Signal /background separation: BDT

Discrimination of combinatorial background
10

o
E LHCb 1
E —O0— ]
10? E —O— E
§ - ]
10% ¢ —o= -
; —— ]
10° £ m Signa =
F o Background 1
104 | | | .|
0 1

0.2 0.4 0.6 0.8

see [CERN seminar Nov12]

& B R

(2 real muons from bb — puX)

9 input variables,uncorrelated with inv
mass

training on MC signal and background
samples

signal shape (calibration) from exclusive
B — hh channels

background shape from dimuon mass
sidebands



https://indico.cern.ch/conferenceDisplay.py?confId=216344

More on B(OS) — 7 Invariant Mass

Signal invariant mass
Pdf: Crystal ball function

Peak position: from exclusive B® — hh decays (h=K, =)

Resolution: from interpolation of dimuon resonances (J/v¢, ¢, T, ...) and from
exclusive B9 — hh; results in agreement.

o(B%) = (24.63 + 0.13stat & 0.365y5t) MeV /2
a(BY) = (25.04 + 0.18sat + 0.365yst) MeV/ /2
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More on B(OS) — T~ Normalisation

RECO SEL /RECO TRG /SEL Ngo _, ptu—
— norm norm norm norm S —_—
R R : : frorm 1) a-
B(Os)ﬁlﬁu— = norm _RECO SEL/RECO _TRG /SEL f50 Nnorm - B?s)a;ﬁ;t*
B&ﬂ;/ Fu VH(OS)%/iijli B(()S)*}/Lip.i q

Normalisation strategy
two independent channels: B — J/¢K* and B® — K, averaged

selection and reconstruction efficiencies from MC with some data inputs:
- IP smearing to make MC more similar to data

- Muon ID efficiency from data

- Invariant mass cut efficiency corrected for data resolution

- Tracking efficiency corrected from data

- Trigger efficiency from data

stability of the yields Nporm checked throughout the year dataset

ratio of b-fragmentation fractions from last LHCb result: f/f; = 0.256+0.020
fs/fy pr dependence checked on data 2012, stable within 1.50




More on B(OS) — "~ backgrounds: B — hh double misld

misld probability (€p— ) for kaons and pions with tag&probe from
Dt — D%— Kr*)znt, in p and pr bins

total number of misld decays extracted from number of triggered ones with
- misld probability correction
- trigger correction (difference between B?S) — hhand B?s) — pt " triggers)

Invariant Mass shape extracted from data, cross-checked with B(Os) — hhexclusive

BDT shape corrected for a BDT-dependent misld rate




