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Rare electroweak penguin decays

Rare FCNC processes are only possible
via loop diagrams in SM

Highly suppressed

New, heavy particles in SM extensions
can enter the loop and modify
observables (branching fractions and
angular distributions)
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Angular distribution

Decay reconstructed as B — K7 =t~

Fully described by dimuon invariant mass squared (4°) and three angles
0= (cos by, cos Ok, @)
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Observables

The differential decay distribution is given by:

1 S(T+T
&+ )‘ 9 [3(1— Fu)sin? 6 + Fi cos? 6

dT+D)/d 4G |p 32r
+ }1(1 —Fp) sin? Ok cos 20; — Fy, cos? Ok cos 20; + S5 sin® Ok sin? 6; cos 2¢

+ 54 sin 26k sin 26, cos ¢ + Ss sin 20 sin #; cos ¢ + %AFB sin? Ok cos 0

+ Sy sin 20k sin 0; sin ¢ + Sg sin 20k sin 26, sin ¢ + Sg sin? O sin? 0;sin 2¢

Additional sets of observables, for which the leading form-factor uncertainties
cancel, can be built from F; and S3 to Sg

e.g. P‘/L5 = 8435/ FL(l — FL)
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Previous analysis of B — K*u ™~ at LHCb

Previous analysis used 1fb™' of data taken in 2011

Less form-factor dependent observables (P;) introduced in
[PRL 111, 191801 (2013)] measured for the first time

3.70 local deviation from SM prediction prep 05 (2013) 1371 in P/S!
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.191801
http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
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Selection [LHCb-CONF-2015-002]

Analysis repeated using full 3fb~" of

= ZG: o
T 182 ] LHCb o Runi
E = 0 L sy preliminary un I data
R r1= . B Resonant modes (B — [/ K*? and
s = BT ‘ 10°

\

BY— ¢(25)K*?) and peaking
backgrounds vetoed with kinematic

8 i ‘ and PID criteria
6 : . . . (.
4 B0ty 10 Multivariate classifier used to reduce
2 v combinatorial background
; i‘ e P . . . . . .
0= — & < e ot Kmematlc, p'artlcle 1dent1f1cf:at10n and
m(K*wutu) [GeV/c2] isolation variables used as input
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https://cds.cern.ch/record/2002772
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Acceptance correction [LHCb-CONF-2015-002]
3 g [ ‘ ‘
i B iy

Efficiency

0.5}

0.5~

[ LHCb
r simulation

s

q2[0.10,0.98] GeV?/c* 1

q2[18.0,19.0] GeV2/c* |

2

2

0

cos 6,

[4

Trigger, reconstruction and selection distort the distributions of qz, cos 0y, cos Ok, ¢

Acceptance modelled using polynomial paramerisation
Validated in data using the control mode BY— Jjp K*0
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https://cds.cern.ch/record/2002772
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S-wave pollution [LHCb-CONEF-2015-002]

K*Y reconstructed through decay channel K* — K* 7~

Can also have contribution due to K*7~ in non-resonant S-wave configuration
=» 6 additional observables

1 BT +1) 1 BT+ 3 )
— — = (1-F = = ——Fgsin” 6 -P interf
AT +0)/dg? a0 oip ( s) AT 1 T)/d? 40 P+ Tor' s sin” 6, + S-P interference
Lol o T i
3 B — Jjpk*0 preliminary |
s L
S \
P-wave observables scaled by factor (1 — Fs) % ]
Simultaneous fit performed to mg, to constrain uﬁzm*
Fs -

0.9 0.95
m(K*rT) [GeV/c]
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Angular fit [LHCb-CONF-2015-002]
3 e | 3 L ey
5. b S 100}

09 0.95
m(K*77) [Gev/cA

‘ ‘ LHCh
preliminary

> Analysis performed in several 4° bins
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Events/ 0.1

» 4D+1D simultaneous fit to gz,
cos 8y, cos bk, ¢ and mg,

» Projections shown for % bin
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[LHCb-CONF-2015-002]

[ [arXiv:1503.05534] [arXiv:1411.3161]
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Data tends to lie systematically below SM prediction at low ¢* for Agg
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https://cds.cern.ch/record/2002772
http://arxiv.org/abs/1503.05534
http://arxiv.org/abs/1411.3161
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Results - Pg [LHCb-CONF-2015-002]
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https://cds.cern.ch/record/2002772
http://link.springer.com/article/10.1007%2FJHEP12%282014%29125
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.191801
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Results - Pg [LHCb-CONF-2015-002]
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4-#: Compatible with 1 fb~! analysis
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S,P,D-wave contributions to B — K7~ T~

So far analyses at LHCb have focused on the K*(892) region
However, there are many other interesting K* states at higher my

mass (MeV) | full width (MeV) | JP
K*(892) | 895.81 +0.19 474 +0.6 1~
K*(1410) 1414 + 15 232 +21 1~
K;(1430) | 1425 +50 270 + 80 0+
K3(1430) | 1432.4+1.3 109 +5 2+
K*(1680) 1717 £ 27 322 + 110 1~

Conclusion

Region of my, ~1400 MeV should contain contributions from S-,P- and D-waves

Previously unexplored!

Analysis dedicated to measurements in this region currently ongoing

15/18



Introduction B — k*0putpu— S,BD-wave contributions to B’ — Kt 7~ ptu™ Conclusion

Analysis strategy [arXiv:1505.02873]

Selection/acceptance correction very similar to K*(892) analysis

However, with contribution from S-,P- and D-waves, the differential decay
distribution increases in complexity

41 observables!
Unfeasible for a Likelihood fit

Expand in a basis of 41 orthonormal angular functions, f;(€2)

qudQ {Zﬁ (Q)r } where /ﬁ Q) = dij.

The orthonormal angular basis is constructed out of the spherical harmonics
Y} = Y}'(0), $) and the reduced spherical harmonics P}’ = v27Y)'(0k, 0).
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Method of Moments

Exploiting the orthonormal basis allows each I'; observable to be measured
individually using a method of moments approach

Within a given g° bin:

P(§) = Z FH(DT;

I, = /Qdﬂm (S = Eplf]

~

eg Ii= % > fil)

Complex likelihood fit replaced by simple counting method!

Able to measure all 41 observables and their corresponding covariance matrix
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Conclusions

» Rare electroweak penguin decays are powerful probes in the search for NP

» Angular analysis of B — K*u* 1~ shows intriguing hints of deviations from SM
predictions in the observable P;

» Ongoing analysis will probe the angular distribution in a previously unexplored
region of mg, using a method of moments approach
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The LHCb experiment

Candidates/ (25 MeV/c?)

& 8 B B

LHCb is the dedicated heavy flavour physics experiment at the LHC
Its primary goal is to look for indirect evidence of new physics in CP violation
and rare decays of beauty and charm hadrons
This requires:
1. Excellent tracking
momentum resolution(Ap/p ~ 0.4% — 0.6%)
impact parameter resolution (o;p ~ 20 pm)
primary vertex resolution (13 pum in x and y and 71 pm in z)
Excellent decay time resolution (o, ~ 45 fs)
3. Excellent particle identification

N

! 1 ’g | « Tagged mixed z
E._‘./ L o Tagged unmixed %
1 < 400 Fit mixed ®
] % I e Fit unmixed %
=] 2
- 5
1§ 200+ 2
- o
A 0 I 2 s -
THEP 06 (2013) 064 M) [Mev/e?) New J. Phys. 15 (2013) 053021 9€c@y ime[ps] g prys 1. ¢ (201373 Momentum (GeVic)
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Results - FL, 53, 54, 55
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Results - AFB/ 57, Sg, 59
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