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THE LHCB DETECTOR
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e LHCb covers a pseudorapidity n = 2 — 5.

* Excellent momentum resolution: Ap/p = 0.4% — 0.6% in
5 — 140 GeV/ec.

e K — 7 separation up to 100 GeV/c. Q
e All presented analyses with /= 1 b~ ! collected in 2011. e
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* Rare decay with B= (1.05‘_"8:}2) x 10~ Cipog) wt
* Decay only possible via penguin- or box diagrams, "new physics" can enter
at the same level as SM physics.
e Four-particle final state: Plenty of observables in angular distributions. e


http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
http://pdglive.lbl.gov/

[LHCb-CONF-2012-008]

B — K*9u*;~: ANGULAR DISTRIBUTION (I)

* Decay can be fully described by three angles (cos 8y, cos O, ¢) and the

2

dimuon invariant mass (square) g“.


http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf

[LHCb-CONF-2012-008]

B — K*9u*;~: ANGULAR DISTRIBUTION (II)

e Apply "folding": ¢ — ¢ + 7 for ¢ < 0: Cancels four terms.
* And leaves...
d(r'+ 1)
dcos @y dcos O dop dg?

o Fpcos? 0 + %(1 — Fp)(1 —cos? 0 ) +
F, cos? O (2cos® 0) +
%(1 — FL)(1 = cos 0 ) (2052 O — 1) +
S3(1 — cos? 05 ) (1 — cos? Bp) cos 2¢ +
gAFB(l — cos O ) cos Oy +
So(1 — cos? O ) (1 — cos? ) sin 2¢

e This expression was simultaneously fitted to the angles and the invariant
mass in 2011 dataset.

o The S; expressions are the CP averaged I; expressions. @
¢ Neglect lepton masses and S-wave contribution (— systematics). o



http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
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B’ — K*%u* 1 ~: EXPERIMENTAL ASPECTS
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* Some experimental details:
e Cutout B®— Jip K*9 and B® — (25)K*0,
veto peaking background, e.g. BY — ¢ut ™.
* Select signal events with a BDT.
* Correct for acceptance effects with event-by-event correction using

simulation.
e Correct for simulation <+ data differences with control channels (e.g. @
J/h — pt e~ for particle identification) e



http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
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B’ — K*%u* 1~ ANGULAR OBSERVABLES
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Theory predictions from [C. Bobeth et al., JHEP 07 (2011) 067] and references therein e


http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
http://xxx.lanl.gov/abs/1105.0376
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B — K*9u*u~: DIFFERENTIAL BRANCHING
FRACTION
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* Differential branching fraction determined with normalisation to

B — Jhp K*0.

Theory prediction from [C. Bobeth et al., JHEP 07 (2011) 067] and references therein



http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
http://xxx.lanl.gov/abs/1105.0376

[LHCb-CONF-2012-008]

MEASURING THE ZERO-CROSSING POINT IN
App OF BY— K*O/L+/L_ (I)
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e Zero-crossing point of Az p has a very clean prediction, as the form factors
cancel (to first order).

* Zero-crossing point was extracted using "unbinned counting” technique:

* Split dataset in "forward" and "backward" events (with respect to cos ).

e Perform a 2D unbinned extended maximum likelihood fit to (q2, mass) for
forward and backward.

_ Np-PDFr(¢>)—Np-PDFg(q?)
e Extract App = Ny PDFr (¢ T Ne PDFe (s



http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf

[LHCb-CONF-2012-008]

MEASURING THE ZERO-CROSSING POINT IN
App OF BY— K*O/L+/L_ (II)
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« Standard Model theory predicts zero-crossing in 4.0 - 4.3 GeV2/c* (central
values)

e.g. [C. Bobeth et al., JHEP 1201 (2012) 107][M. Beneke et al., Eur. Phys. J. C41(2005), 173][A. Ali et al., Eur. Phys. J. C47 (2006) 625]

* LHCb preliminary result: 4.9%'5 GeVQ/c4


http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
http://xxx.lanl.gov/abs/1111.2558
http://xxx.lanl.gov/abs/hep-ph/0412400
http://xxx.lanl.gov/abs/hep-ph/0601034

[LHCb-PAPER-2012-021]

CP-ASYMMETRY IN B’ — K*0u* = (I)

Only Ry 4 and Ry, present
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orm AcP = I'(BOY— K*0y+ =)+ T'(BO— K*Ou+p—) [Alok et of, JHEP 1111 (2011) 122]

* Predicted to be O(1073) in SM, very clean prediction due to form factor
suppression.

* Asymmetry up to 15% in certain models.

* Use the same corrections / selection / binning-scheme as for the
B — K*0u% 11~ angular analysis.

e Additional difficulty: Measured is

Araw = ACP + ADetector + K‘AProduction
oo It
« o= Jo© e(t)e " cos Amit dt @

T 57 e(t)e=Tt cosh % dt



http://arxiv.org/abs/1103.5344
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CP-ASYMMETRY IN B’ — K*0ut ;= (1)
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o Apetector: Detector asymmetries cancel when taking the average between
the two magnet polarities.

o Abetector / Aproduction: Use BY — J/1) K*0 as a control channel.
o Aep ~ Aw(BY — K*0ut ™) — A (B — Jp K*9)

¢ Residual differences due to kinematical differences are accounted for in the

systematic uncertainty.
o Aep = —0.072 = 0.040 (stat) == 0.005 (sys) g @



MEASUREMENT OF Bt — K*putu~
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* Rare decay, B= 4.36 £0.15 = 018) X 1077[ar><iv:1209.4284]

e Use a loose preselection and a BDT for the final selection. Training on

[arXiv:1209.4284]

BT — Jp K™ (signal) and BT — KT 11~ sidebands (background).
* Cut out resonant regions of BT — J/i) K+ and BT — ¢(25)K .

¢ Remaining peaking background accounted for in the fit.


http://arxiv.org/abs/arXiv:1209.4284
http://arxiv.org/abs/arXiv:1209.4284

[arXiv:1209.4284]

MEASUREMENT OF BT — KTp"p:
BRANCHING FRACTION
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Theory predictions from [C. Bobeth et al., JHEP 07 (2011) 067] and [C. Bobeth et al., JHEP 01 (2012) 107]

« Determine branching fraction in 7 bins of ¢2, using BT — JW KT asa
normalisation channel and accounting for differences in the efficiencies.

e B=(4.36 +0.15 £ 0.18) x 1077, taking excluded charmonium resonance

regions into account.

* World's best measurement of B(BT — K+ utu™).



http://arxiv.org/abs/arXiv:1209.4284
http://xxx.lanl.gov/abs/1105.0376
http://xxx.lanl.gov/abs/1111.2558

[arXiv:1209.4284]

MEASUREMENT OF Bt — K*u* 1 ANGULAR
ANALYSIS
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Theory predictions from [C. Bobeth et al., JHEP 07 (2011) 067] and [C. Bobeth et al., JHEP 01 (2012) 107]

N
. %W = %(1—FH)(1—COSQ 95)+%FH+AFB cos 0y

* Acceptance correction using simulation in q2 and cos ;.

1
0 5

* Simultaneous fit to mass and cos #,. Background modeled with

second-order polynomial in angles.



http://arxiv.org/abs/arXiv:1209.4284
http://xxx.lanl.gov/abs/1105.0376
http://xxx.lanl.gov/abs/1111.2558

[SOSPIN ASYMMETRY (1)
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[JHEP 07 (2012) 133]
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Theory predictions from [C. Bobeth et al., JHEP 01 (2012) 107] and [M. Beneke et al., Nucl. Phys. B612 (2001) 25-58]

Measure "lsospin asymmetry":

? [Gevicq

(B~ K*utpu)-TI'(Bt—K*tutu)

Predicted to be very small.

Use B — J/1p K* as a normalisation channel.

+ oty ; 0 ;
BT — K*Tp" s challenging due to K reconstruction from

K*+ = KOrt.

Results for B— K* ™ 1~ agree well with prediction.

D(BO—K*Outp=)+I(BT—=K*tputpu~)


http://arxiv.org/abs/1205.3422
http://xxx.lanl.gov/abs/1111.2558
http://arxiv.org/abs/hep-ph/0106067

[JHEP 07 (2012) 133]

[sosPIN ASYMMETRY (II)
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Theory predictions from [C. Bobeth et al., JHEP 01 (2012) 107] and [M. Beneke et al., Nucl. Phys. B612 (2001) 25-58]

" - o DB KOt ) —T(Bt—K*tutpu~
* Measure "Isospin asymmetry": F(BO—>K0u+u—)+F(B+—>K+u+u—§

* Predicted to be very small.
¢ Use B— J/i) K as a normalisation channel.
« BY— KOuT ™ is challenging due to K reconstruction.

« Aj shows a 4.40 deviation from 0, driven by low B(B® — K%u*pu~). @



http://arxiv.org/abs/1205.3422
http://xxx.lanl.gov/abs/1111.2558
http://arxiv.org/abs/hep-ph/0106067

[LHCb-PAPER-2012-020]

BRANCHING FRACTION MEASUREMENT OF
Bt — ntutu”
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Fit four distributions simultaneously: BT — J/) K+, misidentified

Bt — JWK*, Bt— Ktutu=, Bt = atutp~

Measured branching fraction: 8 = (2.3 # 0.6(stat) 4= 0.1(sys)) x 1078
* In good agreement with SM expectation: (1.96 4 0.21) x 1078,

[S. Hai-Zen et al., 2008 Commun. Theor. Phys. 50 696]

oty 2
* Also determine: R = % = sz

AT
« Which leads to; Rﬁﬂ — 0.266 = 0.035 (stat) & 0.007 (sys) @



http://iopscience.iop.org/0253-6102/50/3/35/

SUMMARY

e EW penguins are a very active area in LHCb.

« BY— K*Ou+,u_ is a "golden-channel” and allows measurment of many
observables: angular analysis, zero-crossing point of A g, differential
branching fraction, Isospin asymmetry, CP asymmetry.

« Bt — K"‘,u"‘,u_: Angular analysis, differential branching fraction and
Isospin asymmetry.

* Discovery of BT — ™ 1™, rarest B decay ever observed.

e 201142012 (=~ 3.2 fb_l) data will allow more precision, more observables

and (hopefully) conclusions on discrepancies.
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[LHCb-CONF-2012-008]

B’ — K*°u*;~: FULL ANGULAR DISTRIBUTION
* If we neglect lepton masses and S-wave component, the angular distribution
of BO— K*O,u“'u_ is:
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e The I; depend on q2 and contain the (transversity) amplitudes of the K0,
e All I; are observables, 8 of them are independent. @


http://cdsweb.cern.ch/record/1427691/files/CONF_2012_008.pdf
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