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The LHCb detector

[VINST 3 (2008) S08005]
@ Acceptance 2<n<5, with excellent vertexing, tracking, PID

@ Liy=1f '"@7TeVinzoi1, &2 fb' @ 8 TeV in2012

Vertex Locator
Tracking (TT, T1-T3)
RICHs

Muon system (m1-m5)
ECAL

HCAL

Jibo HE (CERN)

Opv x/y ™~ 10 pum, Opv,z ~ 60 um

Ap/p: 0.4% at 5 GeV/c, to 0.6% at 100 GeV/c
&(K = K) ~ 95%, mis-ID rate (r — K) ~ 5%
e(t — u) ~97%, mis-IDrate (x - u) =1-3%
og/E ~10%/VE®1% (E in GeV)

6e/E ~70%/VE ®10% (E in GeV)
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http://dx.doi.org/10.1088/1748-0221/3/08/S08005

One way of indirect searches for NP at LHCb

@ Measure FCNC transitions, where New Physics (NP) is more
likely to emerge, and compare to predictions

» E.g., Operator product expansion for b — s transitions
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» New Physics may

* modify short-distance Wilson coefficients C()
* add new operators ¥, C}-\“’O}‘IP

and change the decay rates, angular distributions, etc

@ Focus on EW penguins in this talk, other rare decays are
discussed in J. Albrecht’s talk qink
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b — s¢T ¢~ transitions

@ b— st/ processes governed by FCNCs, rates and angular
distributions sensitive to NP
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B° — K*9utu—, decay rates and Agg

[JHEP 1308 (2013) 131]

e dB/dqg?, differential branching fraction

o Aps(= 2Ss), the forward-backward asymmetry of the dimuon
system. In SM, it changes sign at gz.

@ First measurement of zero crossing point, g3 = 4.94+0.9 GeV?/c*,
consistent with SM predictions 3.9 — 4.4 GeV?/c*
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@ Theory uncertainties are dominated by knowledge of B — K*
form factors
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http://dx.doi.org/10.1007/JHEP08(2013)131

B° — K*Ou+tu—, form-factor-independent observables

[PRL 111 (2013) 191801]

@ New basis of observables, less dependent on form factors

Si=4578

/ fd v
i=4,56,8 — \/ﬁ [Descotes-Genon et al., arXiv:1303.5794]
@ P shows deviation from “SM” in one G2 bin (4.30 — 8.68 GeV2/c?),
how significant depends on theoretical predictions...
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B — K" utu—, differential branching fraction

[JHEP 06 (2014) 133]

@ B(B— K®utu~) highly sensitive to contributions from
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http://dx.doi.org/10.1007/JHEP06(2014)133

Control charmonium effects?

@ BT — (y(4160) » utu )K* . [PRL 111 (2913) 112003]
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first observation 3 1500 HHEP total .
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» Another y to exclude? é interference
H &S00k Ly e resonances —
» Interference to consider? 7 background
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@ QCD or New Physics? 3800 4000 4200 4400 4600

[Lyon, Zwicky, arXiv:1406.0566] My [MeV/c?]
» Large non-factorisable effects (or NP) required to have consistent
picture between BESII et e~ — hadrons data and the LHCb result
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http://arxiv.org/abs/1406.0566
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B — K®utu—, isospin asymmetry
[JHEP 06 (2014) 133]

@ Asymmetry in charged and neutral B — K(*)u*u~ decays
A — M(B°—K®Ou+y=)—r(Bt =K+ uty—)
1= (B0 KOO+ =) 1T (B = KO T ¥ i)

@ A, predicted to be zero in the SM for both B — Ku™u~ and
B — K*,LL+[,L7 decays [Lyon, Zwicky, arXiv:1305.4797]

@ Deviation from SM observed for B — Ku™u~ decay with 2011
data (1 fo~'), tension much reduced with full dataset (3 fo~")
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http://arxiv.org/abs/1305.4797
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B — Kutu~, angular analysis

@ Angular distribution [JHEP 05 (2014) 082]

%dcgl;ek = %(1 — Fu)(1 — cos? Gf)‘i‘%}—H—i—AFBCOS@g

B

» Agg is almost zero in SM N
» “Flat term” Fy &
* Fractional contribution of (pseudo)scalar and tensor
* Non-zero but small in the SM, due to finite muon mass

@ BT — KTutu~, consistent with SM
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@ The same for B — Kou*u~
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http://dx.doi.org/10.1007/JHEP05(2014)082

Test of lepton universality using Bt — K™¢1T¢~

- rXiv:1406.6482
° Rk = BGitst) =120(10°%) in the SM 4066162
» Small corrections due to phase space & Higgs penguin diagrams
» Up to 10% deviation from SM by new (pseudo)scalar operators
@ Double ratio used to cancel systematic uncertainties
Rk = <NK*u+r > (NJ/w<e+e)K+ ) <£K+e+e ) <8J/w(u+u)f<+ )
Nicrere= ) \ Nop (uru-)k+ Ektutp- Eypy(ete)K+

o€,
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@ Analysis done in the experimentally and theoretically favoured
region 1 < g? < 6 Gev?/c*
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http://arxiv.org/abs/1406.6482

Test of lepton universality using Bt — K™¢¢~ (cont.)

[arXiv:1406.6482]
@ BT — KTete  split by the way how the signal is triggered
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Bt - Ktnn {¢K*}u"u", observations

@ BT — KtnTrn—u*tu~, first observation [LHCb-Paper-2014-030]
» Differential branching fraction dB/dg? measured
» Ktmtr~ structure, integrated the overall g2 range, consistent with
several broad, overlapping resonances

» B= (4.36*8:23 (stat) +0.20 (syst) :l:0.18(n0rm)) % 10~7
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@ Bt — ¢Ktutu-, first observation
» B= (8.22f}:2§(stat)j:0.35(syst)j:2.74(norm)) x 108
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Photon polarization in b — sy

[PRL 112 (2014) 161801]
@ Photon in b — sy mostly left-handed in SM, correction at (’)(%S))

@ BT — K*rtn~y, up-down asymmetry, o photon polarization 2,
_ Jgdcos® g4 s— % dcos 6 50, o
Aut = /14 dcos 6 g9 Ay
@ Four bins in m(K*n*z~), combined significance 5.20,
first observation of photon polarization
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http://dx.doi.org/10.1103/PhysRevLett.112.161801

Summary

@ The LHC(b) is the new Flavour factory
@ The SM tested thoroughly with the EW penguins at LHCb

» Decay rates
» Angular distributions

@ The SM works so well, but some tensions observed, and awaiting
theory explanations, and confirmations with more data
» The Pf puzzle in B® — K*0u*tpu~
@ The photon in b — sy transitions observed to be polarized
@ More will come, stay tuned
» B — K*utpu~ analysis with 3 o
» Photon polarization measurements with, e.g., B — K*0ete~

> rr)
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