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Introduction

Electroweak penguin decays
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b — s(d)¢*¢~ decays are flavour changing neutral currents (FCNC)
Forbidden at tree-level in Standard Model (SM) — loop-suppressed

New Physics amplitudes can modify B and angular distributions
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: Description of FCNC processes in effective field theory

Effective Hamiltonian for b — s FCNC transition

4
jf ViV Y10, + CLO)

Wilson coefficients C; encode short-distance physics
and possible NP effects

Hesr

O; local operators with different Lorentz structure
O} helicity flipped operators, m/m; suppressed
More details [Semileptonic Rare decays, C. Bobeth]

b s Operator
\‘: { O;l) g—%mb(&erR(L)b)F"”) photon penguin
N 0%3 WP (1) | o oenguin
Oio 2_2( YuPrr)b) (" vs 1)
x (’)g) 1g7r2 my(5Ppr()b)(fip) scalar penguin
s ¢ (’)g) fg%mb(EPR(L)b)(ﬂ%u) pseudoscalar penguin
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Introduction

Electroweak penguins at LHCb

Possible New particles beyond the SM can affect

Angular distributions Branching ratios
B% — K*%u* 1~ angular observables B — K™yt~ Isospin and B
[JHEP 08 (2013) 131] [JHEP 06 (2014) 133]
B? — ¢ut i~ Angular analysis Bt » (Ktatn™, oK )utu~
[JHEP 07 (2013) 084] [LHCb-PAPER-2014-030]
B% — K*°u* 1~ FF indep. observables B — K®putu~ CP asymmetries
[PRL 111 191801 (2013)] [LHCb-PAPER-2014-032]
B — Ku™ ™ angular analysis Bt - KTete™ Rk and B
[JHEP 05 (2014) 082] [arXiv:1406.6482]

Ay — App~ branching fraction
[PLB 725 (2013) 25]

Bt — 7T puTpu~ first observation
[JHEP 12 (2012) 125]

Bt — KT~ resonances
[PRL 111 112003 (2013)]
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Possible New particles beyond the SM can affect

Angular distributions Branching ratios

B% — K*°u* 1~ angular observables B — K™+~ lsospin and B

[JHEP 08 (2013) 131] [JHEP 06 (2014) 133]
BY = (Kntn™ K )t p~
[LHCb-PAPER-2014-030]

B% — K*°u* 1~ FF indep. observables B— K™yt~ CP asymmetri

[PRL 111 191801 (2013)] [LHCb-PAPER-2014-032]

B — Kpp~ angular analysis Bt - KTete™ Rk and B

[JHEP 05 (2014) 082] [arXiv:1406.6482]
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Angular analyses

The decay B — K*[— KTr~|utpu~

Decay fully described by three helicity angles 0y, 0, ® and ¢® = m(u*p=)?
1 3T +T1) 9
T dcos 6,d cos BKle 321

— Fy, cos? O cos 20y + S sin’ O sin® 6, cos 28
+ Sy sin 20 sin 20, cos ® + S5 sin 20 i sin Oy cos

[ (1— Fp)sin 20y + Fp,cos? 0k + + (1 — FL)sin2 Ox cos 20,

+ %AFB sin? O cos B, + Sy sin 20 sin O sin ®

+ Sy sin 20k sin 20, sin ® + S sin® O sin’ O sin 2<I>]

F1.(¢%), Arp(¢?), Si(¢*) combinations of K*Y spin amplitudes
depending on Wilson coefficients C( cy) , O ')

Large theory uncertainty due to the g2 dependent hadronic form-factors

Determine observables in 4D (cos 6y, cos Ok, ¢ and mgry,) fit in bins of q?
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f 9 Angular analyses

3 B — K*Op ;i angular observables (1 fb™
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Theory EEBinned Theory HEBinned
——|HCb . —o—HCbh
LL—‘ E J-_ T T T ]
< [ ]
L LHCb ]
0sp 7
[ — ]
0
o.5F 3
0 1 1 1 L 1 1 1
[¢] 5 10 15 20 0 5 10 15 20
g2 [GeV?/cY 92 [GeVc4]

[JHEP 08 (2013) 131]

Angular observables in good agreement with
SM prediction [C. Bobeth et al. JHEP 07 (2011) 067]

Zero crossing point of Apg free from FF uncertainties

Result g2 = 4.94 0.9 GeV? consistent with SM prediction
03 s = 4.3610:33 GeV? [EPJ C41 (2005) 173-188]
] = =
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Angular analyses

Less form factor dependent observables P/ (1fb™ 1)

MARIE CURII

Less FF dependent observables P/ introduced in [JHEP 05 (2013) 137]

K2

For P 5 = Si5/v/Fr(1 — FL) leading FF uncertainties cancel for all ¢°

3.70 local deviation from SM prediction [JHEP 05 (2013) 137] in P}

4 T T T T

- 4 T T T T s
o o8

R

B SM Predictions
0.6 =

— 0.6 —
= 0.4~ —+— Data -
— 0.2 —

22;‘5 o +
Oﬁ* ————————————————— 7 02_— ——————— Fe——— == 7

0.8
“o 5 10 15

0 5 10 15 20
g2 [GeVZ/cH

[PRL 111, 191801 (2013)]

20
q? [GeVZcH
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9 Angular analyses

i Interpreting the P discrepancy

Possible interpretations o’ ol LHCD oo
Statistical fluctuation gi;f— o i
Probability in 1/24 bins Y P 370 ——.—. _
(Look-elsewhere effect): 0.5% or l / + ]

15 20
g2 [GeVZc4

[PRL 111, 191801 (2013)]
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Angular analyses

: Interpreting the Py disc
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Possible interpretations B =

. . ST =

Statistical fluctuation ’ S| &

Probability in 1/24 bins 5. 0 g

(Look-elsewhere effect): 0.5% g
-2

New Physics 2

What type of NP could generate - a

deviation? -0.15 -0.10 —0.05 0.00 0.05 0.10 0.15 O_

. . ¥ _

Best fit with ACJF ~ —1.5 10 °

Possible candidate: Z’ O(1 TeV) c

[e]

See also: os|== 2

[Altmannshofer et al. EPJC 73 (2013) 2646] —r UJ’

[Beaujean et al. EPJC 74 (2014) 2897] L 00 - 3

[Hurth et al. JHEP 04 (2014) 097] ¢ + %

osf o

1.0 ﬂ

2 4 6 8
¢° (GeV?)
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ular analyses

Interpreting the P discrepancy

Possible interpretations o ' | Dsnwmssossrss
Statistical fluctuation ra—
Probability in 1/24 bins B ]
(Look-elsewhere effect): 0.5%

New Physics :*: :.L____l |
What type of NP could generate K o B 2
deviation? ool

[Jager et al., JHEP 1305 (2013) 043]
Best fit with ACYT ~ —1.5

Possible candidate: Z’ O(1TeV) P e

See also:

[Altmannshofer et al. EPJC 73 (2013) 2646] TS

[Beaujean et al. EPJC 74 (2014) 2897]

[Hurth et al. JHEP 04 (2014) 097] ’
Theory calculation 05
A/my, corrections?

o 2 4 6 8

Charm-loop effects not fully -

understood? [J. Lyon, R. Zwicky arXiv:1406.0566)]
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Angular analyses

<A ular analysis of Bt — K*u™pu~ and
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Bt — K+u+,u_ B® — KQutu~
~ 500 —~ T T T
u(d) u(d) ‘\é o @ L1<@<60 GVl LHCh % (9 11<@<60 Gevict LHCh
; 7 . 3 S
‘\\W+ . . g 200| §
o 8 3
ZOTL”LVH'\< § 100| §
ut

m(K‘u‘u’meV/czl 0 e mKg u’u')sﬁ)/loewﬂ
[JHEP 05 (2014) 082]

Nptitptp- = 4746 £ 81 and Npo_, go,+,~ = 176 £ 17 in 3fb™"

Experimental challenge: Kg reconstruction

Differential decay rate for BY — K+tutu~

1dI(B* Ktutp~ 3 1
dRBT = Khyrpr) (1= Fu)(1 = cos6) + 5 Fia + Ar cos b

T dcos b,

LdT(B® — KOutpu~) 3 ,
S5 TSR ) 2~ Fy)(1— | cos, I
T d| cos 0| 2( i) (1 = [ cos 6:[%) + Fiu

Flat parameter Fyy sensitive to (Pseudo)scalar contributions, small in SM

Forward backward asymmetry App zeroin SM = _
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. Angular analysis of Bt — K*puTp~ and B — Koup~

I_LI O-t T T T T E 02_ T T T T
; LHCb < LHCb
o4t Bt — Ktut o1 L B+ — Ktutu
{T il - -
lIO ];5 20 0'20- :5 lIO ].IS 2I0
@ [Gevc] ? [Gevct]
T T LHCb
1:_ B° _*Kg“ﬂf_ 2D fit in cos 0y and m(Ku*p™)
i o [JHEP 05 (2014) 082] in good
ot . agreement with SM prediction
: il
C-\‘I 1 . 1
0 5 10 15 20
qz [Gev2lc4] o = = = = DA

O
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Branching fraction measurements

: B — Kutp~ branching fraction measurement

MARIE CURII

Number of signal events in full 3fb™" data sample
BY —» Kyutp~ BY = Ktufp BY— K%Fu~ BY - K utu~
Nyig 176 + 17 4746 + 81 2361 + 56 162 + 16

Normalise with respect to B® — J/ip K3(K*°) and BT — J KT (K*)

Differential branching fractions

| CSR Lattice —e-Data | CSR Lattice -e-Data | CSR Lattice -e-Data
& T T T T & T T T T T & 20, T T T T
% 5 B - Ky 7 % 5 B0, Ko,u*u' E % B K~+u+”—
Q LHCb 3 9 4 LHCb 4 9 15 LHCb A
S S S
ao>< 3| X 3| 4 X 1 1
+ + © © .
§ ot e g, 1 + 1% +
sF E
g g 4 t 1% ++
a a ‘ ‘ . a ‘ ‘ ‘ .
© % 5 10 © % 5 1 15 20 © 5 10 15 20
R [Gevicd] P [Gevic

[JHEP 06 (2014) 133]

Compatible with but lower than SM predictions
Light cone sum rules (LCSR): [PRD 71 (2005) 014029], [JHEP 09 (2010) 089],
Lattice: [PRD 89 (2014) 094501], [PRD 88 (2013) 054509]

Measurement of dB(B® — K*°utp~)/dg® with 3fb~" accounting for
S-wave in preparation D) <G> «E» <=
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Branching fraction measurements

i B— KWyt~ isospin

B(BOHK(*)O/J*/,L’)—%B(BJF—)K(*)JrMer*)
B(BO—K0utp=)+ 22 B(BT— Kt utp=)

SM prediction for Ay is O(1%)

Isospin asymmetry A; =

l.

T T T T 1_ T T T T ] el
< b Lo BoKuw < b LHob B K 1 3
o5 3 osf + 3 e~
of 4 + 1 0:.}. ++ 4 ] (5\1'
T T |
05 . 05 4 <
. C [a¥
_ 3 . (T
b é 1'0 1'5 2'0 T é 1'0 1'5 2'0 I,
R [GeVac R[GeVic] —
Results with 3fb~! consistent with SM
p-value for deviation of A;(B — Kpupu) from 0is 11% (1.50)
Tensions seen in the 1fb~! analysis reduced due to
Updated reco./selection Stat. approach Isospin symmetry in J/i) modes
=} = = E = A

2:le2d  C. Langenbruch (Warwick), Beauty 2014 Electroweak penguin decays


http://arxiv.org/abs/1403.8044

Branching fraction measurements

Bt - Ktntn u*pu and BT — oKt~

B+ —> K+7r+7r ;ﬁ'u Prehmmary

100<q2<600

Candidates/ (10 MeV/c?)
Candi dates/ (10 MeV/c?)

5200 5300
m(K* i) [MeV/cZ]

5200 5300 5500 5600

m(wK u 1) [Mevic?g]
[LHCb-PAPER-2014-030]

First observation of these modes with

Neig(BT— KtnTn~ ™) = 367732 and Neig(BT — ¢K T pt ™) = 25.2%5%

Normalise to BT — 9(2S)(— Jipntn ™)Kt and BT — Jap oK+

Determine branching fractions

B(BT — Ktnr ™) = (4.36 7037 (stat) £ 0.20 (syst) £ 0.18 (norm)) x 10~
B(BT — ¢Ktp ™) = (0.8270 17 (stat) + 0.04 (syst) £ 0.27 (norm)) x 107"

=} (=) = E £ DA
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Branching fraction measurements

s Bt — Ktnn 't~ cont.

Preliminary

N I o I N AU
S o LHCb | 2 63 LHCb | |
3 4 % 50 IH B - K*mrmutu
% E 9 4 #|
< 4 :
g 3 —_t—y g 22 |+ {
g 9 — g b gdd
5 10 e
T B . 'go ++II<}+++H
0 10 15 o 1000 1500 2500
9?2 [GeV¥c4 m(K*lT*n’) [Mev/c?]

[LHCb-PAPER-2014-030]

Performed measurement of dB(B* — KTnta~putu=)/dg?
Significant contribution from B+ — K (1270)u* 11~ expected
Low statistics — no attempt to resolve contributions to K+t 7~ final state

See also [Radiate electroweak penguins, A. Puig] for BY — KTntn~

[m] [l = =
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Branching fraction measurements

: CP-asymmetry Acp

BT — KTu" ™ prelim.
LHCb (a)

N
3

g

g

Events/ ( 10.6 MeV/c?)
=
S

Events/ ( 10.6 MeV/c?)

3

17 -
0’5200 5400 5200 5400
Mo (MeV/cz) (MeV/cZ)

[LHCb-PAPER-2014-032]

Direct CP-Asymmetry Acp

I(B— KWptp~) —T(B = KW putp)

I(B = K& ptp=) +T(B — K& ptp~)
Acp tiny O(1073) in the SM

Correct for detection and production asymmetry using B — J/i) K*)
AES = Aop + Ages + KAprod,  Acp = AKS #0 — AR

Traw

Acp =

C. Langenbruch (Warwick), Beauty 2014 Electroweak penguin decays



Branching fraction measurements

g CP-asymmetry Acp cont.

MARIE CURII

. 02 Acp(BT — K*,tﬁ/f) prelim. 02 Acp(B° = K*%ut 7)) prelim N
S 02F T T E & UF T T E
< . f i < oisp E
0.15*_ -_L N . ot 3
o --'fr-- b o | [
01f 'H E O 1_ " 23 E
E -0.05F e
-02F g o1f T T‘ E
-03f 4 -01sp E
g LHCb E 02F 3
04 ; g -0.25 ; LHCb é
0% 5 10 15 20 03y 5 10 15 -
o? [GeV3cl] 9? [GeVHcH
[LHCb-PAPER-2014-032]
Measured Acp in good agreement with SM prediction
Acp(BY — KTpt ™) = 0.012 £ 0.017(stat.) & 0.001(syst.)
Acp(B® = K*u ™) = —0.035 & 0.024(stat.) 4 0.003(syst.)
Most precise measurement
SRy =, 2> E a0l
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g Branching fraction measurements
E Test of lepton universality in BT — K/(T(~
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+ ot .
Ri = Bt = 1+ 0(107%) in the SM

Sensitive to new (pseudo)scalar operators

— s B KT — B o Klete
) - L HHeo ) .
g 20 o é 20

& & 15k 10

10
10

0 PACATSTA)

EH) AP N
4800 5000 5200 5400

5600

5200 5400 5600
m(K*u ) [MeVic?] m(K*e'e) [MeV/c?]
[arxiv:1406.6482]

Experimental challenges for Bt — KTeTe™ mode
Trigger Bremsstrahlung

Use double ratio to cancel systematic uncertainties
Rk = (NKWW—) (NJ/w<e+e—)K+ ) <6K+e+e— ) <6J/w(u+u_)K+)
Nitete= ) \Now utu—rx+ ) \Cxtutu—/ \ Cometerx+
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Branching fraction measurements

4 Test of lepton universality in BT — K¢/~
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Candidates/ (40 MeV/c?)

A

x10° Bt = Jip(— ete )KT
10- LHCb ]
(€Y
5 riggered on e
5000 5200 5400_ 5600
m(K*ete) [MeV/c?]
-o-LHCb -m-BaBar -aBelle
i LHCb 1
15F R
): |
F I M
i T
0.5 -
% 5 1 15 20
o? [GeVZcd]

C. Langenbruch (Warwick), Beauty 2014

0 _
> N
- 3
g @ 33
P triggered on =
© b
o s
5 10 %
E o
o o,
0 5000 5200 5400 5600
m(K*ete’) [MeV/c?]

Use theoretically and experimentally
favoured ¢ region € [1,6] GeV?

Ry = 0.745150%0 (stat.) & 0.036(syst.),
compatible with SM at 2.60

Bq2€[1,6] GeVz(B+ — K+€+6_) =
(1567515 0.04) x 1077

] = =

Electroweak penguin decays

!
S
el
?


http://arxiv.org/abs/1406.6482

Conclusions
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£

Theory I Binned
- LHCh - CDF -¥ BaBar - Belle -5~ ATLAS -~ CMS

£

10

@
i
<

Electroweak penguin decays an
excellent laboratory to search for
BSM effects

LHCb an ideal environment
to study these decays

Most measurements in good
agreement with the SM and provide
stringent constraints on NP models

But some interesting tensions
Plin B — K*%u*u~
Ry = 0.745150% (stat.) & 0.036(syst.)

More results coming soon

C. Langenbruch (Warwick), Beauty 2014 Electroweak penguin decays
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g The LHC as heavy flavour factory
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£

AL HCAL
ECAL Ms
SPD/PS M3 M

Magnet RICH2 Mz
A

1 \ 4 o, [rad]
! |

bb produced correlated predominantly in forward (backward) direction
— single arm forward spectrometer (2 < 1 < 5)

Large bb production cross section
oy = (75.3 £ 14.1) ub [Phys.Lett. B694 (2010)] in acceptance

~ 1 x 10" produced bb pairs in 2011, excellent environment to study
BY — K*0u% 1~ and other rare decays

] = =
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Backup

%The LHCb detector: Tracking
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/ ’// Tracking system

Vertex

de}/,et; or
a y ,LL+ T
L~7mmSV L
PV BY.-- Kt
7 p * ) p
P
I '

Excellent Impact Parameter (IP) resolution (20 pm)

— ldentify secondary vertices from heavy flavour decays
Proper time resolution ~ 40 fs

— Good separation of primary and secondary vertices

Excellent momentum (dp/p ~ 0.4 — 0.6%) and inv. mass resolution
— Low combinatorial background

] = =
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9 Backup 25 /22
g

t The LHCb detector: Particle identification and Trigger

Muon system

[arxiv:1211.6759]

T T T T
© O ALYK-x)>0

,F LHCb
\s =7 TeV Data s m ALLK-)>5

Efficiency

A oo
" e g,
-, e, 2

0'8{ KK e, E
0.6] - E

1K i
o oroa ™
. o
yes PEr 10°

20 40

60 80 100
Momentum (MeV/c)

Excellent Muon identification €, ~ 97% Ersp ™~ 1-3%

Good K separation via RICH detectors e .k ~ 95% €k ~ 5%
— Reject peaking backgrounds

High trigger efficiencies, low momentum thresholds

Muons: pp > 1.76 GeV at LO, pp > 1.0 GeV at HLT1

B — J/I,/)X: €Trigger ™~ 90%

!
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9 Backup

i Data taken by LHCb

MARIE CURIE

g
o

L) L T T T

2012: 4+ 4 TeV
------------------ Delivered Luminosity 2.21 fb'
Recorded Luminosity 2.08 fb”'

2r 2011: 3.5+ 3.5 TeV
Delivered Luminosity 1.21 fb!
Recorded Luminosity 1.10 fb'
2010: 3.5+ 3.5 TeV
1.5} Delivered Luminosity 0.04 fo! }------- -

Recorded Luminosity 0.04 fb'

—

Integrated Luminosity by year [fb™|

0.5 |
‘ 2010]
0 Apr Jun Aug Oct Dec
Date

Published results | will discuss today only use 1fb~! taken in 2011
Full data sample of 3fb~! currently under study

] = =
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Backup

: B — K*0u% 1~ angular observables

Four-differential decay rate for B® — K*Oy+p~
di(B° - K*utp)

I I
dqzdcosﬂgdcosﬁqu) 391 [ $sin? O + I cos® O

+ (I3 sin® 0 + IS cos? Ok ) cos 26,

+ Iy sin® O sin” 0y cos 2® + I, sin 20 sin 20, cos ®
+ I5 sin 20k sin 0, cos @

+ (I sin? 0 + I cos? 0x) cos Oy + I sin 20 sin O, sin &
+ I sin 20 sin 26, sin ® + I sin” O sin O, sin 2<I>]

I,(q®) combinations of K* spin amplitudes sensitive to C\, ¢\, ¢!

CP-averages S; = (I; + I )/d(FJrF) CP-asymmetries A; = (I; — Il)/d(FJrF)
For my, = 0: 8 CP averages S;, 8 CP-asymmetries A;

] = =

Electroweak penguin decays
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Backup

: B — K*%u* 1~ angular observables

MARIE CURII

Four-differential decay rate for B® — K*Op*p~
d'T(B° - K*%utp~)
dg?2dcosfydcosfy d® 321 [

+ (I35 sin? 0 + 15 cos> O ) cos 20,

+ I sin® O sin? 0, cos 28 +W

+ I sin 20c-sirrfl cos &

+ (I sin? 0k + 1§ cos? 0x) cos Oy +W
+ Iy sin e sitr20;5in @ + Iy sin? O sin? 0 sin 20]

I,(q®) combinations of K* spin amplitudes sensitive to C\, ¢\, ¢!

17 sin? 0 + I{ cos 20k

CP-averages S; = (I; + I )/d(FJrF) CP-asymmetries A; = (I; — Il)/d(FJrF)
For my, = 0: 8 CP averages S;, 8 CP-asymmetries A;

Simultaneous fit of 8 observables not possible with the 2011 data set
— Angular folding ® — ® 4+ 7 for ® < 0 cancels terms  sin ®, cos ®

] = =
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g

I;(q?) depend on K*0 spin amplitudes A", AN,

2
o (2+6)

L2 4m;zm L AR L 4 R¥
AL+ AP+ (L = RB)] + 2 ATAL + A4
= |AF)2+ AR + 4—2“[|At|2 + 2R(AF A

ﬁZ
I = @A\+M| @aRﬁ
i -s{afe + o )

,82
L= {MAQ\AF @»Rﬁ

,32
I - J{(MA> w»m}
Is = \/iﬂu{%(AéAT) -(L— R)}

For completeness

o =25, {ROAFAL) ~ (L 1)}

i = Va8, {StabaR) - (L - )}

Iy = %{%(AgAﬁ*) + (L — R)}

Iy = 55{3(%&4&) +(L— R)}

Electroweak penguin decays
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i K*0 spin amplitudes A7, A", AL

MARIE cumz

n
n
()
a
(0]
P
[0
'_|
o,
=]
(@]
O
[
O
[y

2
V(a®) N 2772lb<cefr+c/eﬁ)Tl }
mp + Mg+

Ai(R Nr{ [(Ceff+c/eﬁ' ¥<C§g+c/eﬁ")]

Al( ) Zmb

L(R)
AP = oy — i { (€5 - €5 (058 - o) 21
B Mg+

(Ceff C/eff)TZ( )}

N Az(a?)
ALB _ { ceff _ creffy - (ceff _ creff 2 2 DA a2
0 P (¢ 5T) F (CfF — C)] [(m; — mi- — &) (mp + mx+)As(a®) mB+mK*]
A
2O = CF) [l + 3 — ) Tala?) — 2 Ta(a?)] |
B~ Mk~

Wilson coefficients C§)9 10

Seven form factors (FF) V(qQ), A0’172(q2), T172,3(q2)

encode hadronic effects and require non-perturbative calculation
Low ¢2 < 6 GeV?

— &1 )| (soft form factors)

Large ¢> > 14 GeV?

— f1,,0 (helicity form factors)

Theory uncertainties:

FF from non-perturbative calculations

A/my, corrections (“subleading corrections”)
] = =
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g Analysis strateg

MARIE CURII

g

——————
Resonant 'decays

Jhp,1p(2S) band

m(u*u’) [MeVic?]

Signal band

10

1 " " 1

0 5200l l l5400 l5600l
m(K' T ) [MeV/c?]
Veto of BY — J/ip K*¥ and BY — 4 (28)K*? (valuable control channels!)

Suppression of peaking backgrounds with PID
Rejection of combinatorial background with BDT

Determine the differential branching fraction in ¢? bins
Determine angular observables in multidimensional likelihood fit

2:le2d  C. Langenbruch (Warwick), Beauty 2014 Electroweak penguin decays
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% B — K*9u 1~ signal yield (2011)

- T T o T T T - T T
) ) )
3 LHCb 3 LHCb 3 LHCb
= 0.1<q’ <2GeVct = 2 < <4.3GeVict = 43 <q’ <868 GeV/ch
s S S
= 40 -1 = 40| -1 = 40
g Osignal = =
2 2 2
£ [ Combinatorial bkg 2 2
35 g 3
3 2 W Peaking bkg S 20 1 g2
< < <
o o o
5200 5400 5600 5200 5400 5600 5200 5400 5600
MK T ) [MeVic?] MK TERR) [Mevie?] MK ) [MeVic?)
= T T = T T T = T T T
) b )
3 LHCb 3 LHCb 3 LHCb
= 10.09 < ¢? < 12.86 GeVZ/c* = 14.18 < ¢ < 16 GeV?/c* = 16 < ¢ < 19 GeVZ/c*
S a0 4 2= 2
P 2 2
4 4 4
s = k]
= h=J =]
T 20 k=] k=l
2 2 2
& & &
o o o

5200 5400

5200 5400 5200 5400

5600 5600 5600
mKTTt) [MeVvic?] mK T p*) [MeV/c?] mKTTt) [MeVic?]

Fit of Ngg in g bins

Langenbruch (Warwick), Beauty 2014 Electroweak pel
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- 9 Backup
25 s

& B — K*%u* i~ differential decay rate

—
Vic?)

Theory HEEBinned
—o—LHCb

L
n

N

b

Candidates / ( 10 MeV/c? )

LHCb
43 <q’ <868 GeV/ch

5400 5600
mK'TT) [Mevic?]

——— e
LHCb
16 < ¢ < 19 GeVZ/c*

- T T T
'> -
(4] p
8 LHCb )
< -
o
of X =
5200 5400 ~ -
n ‘o i
= J
I 60, Nc_ J
N LHCb T 05 E ' h -
§ 10.09 < ¢ % i
: 40| ]
é 0 1 1 1 i
I 0 5 10 15 20
° bat [JHEP 08 (2013) 131] q2 [GeV?/cY]
0 5200 5400 5200 5400 5200

5600 5600
mKTTt) [MeVvic?] mK ') [MeV/ic?]

Fit of Ngg in ¢* bins
Use BY — J/i K*9 as normalisation channel
SM prediction [C. Bobeth et al. JHEP 07 (2011) 067]

5400 5600
mKTTt) [MeVic?]

Data somewhat low but large theory uncertainties due to FF

2:le2d  C. Langenbruch (Warwick), Beauty 2014
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: B — K*0u% 1~ angular observables |

MARIE cumz

Theory HEEEBinned Theory HEBinned
—8-LHCb —&-LHCb
- 1y T T T ] E 4 T T T
w ] <«
LHCb ] LHCb
E 0.5F .
] ——
F o] B
] 0
3 05F .
o L L L 4l L L L
0 5 10 15 20 0 5 10 15 20
a?[GeVZ/c4l a2 [GeVZ/c4l
Theory HEEEBinned
—e-LHCb —-LHCb
o T T T T T T
) ] <
0.4f 4 0.4 4
LHCb E LHCb
02F 3 02F .
= 4 ] o —L— I R
0.2F I l *# 3 0.2F I ]
0.4f B -0.4f .
1 1 1 ] 1 1 1
0 5 10 15 20 0 5 10 15 20
q2 [GeVZcY] q2 [GeV?/c4]

Results [JHEP 08 (2013) 131] in good agreement with

SM prediction [C. Bobeth et al. JHEP 07 (2011) 067]
] = =
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The K7 S-Wave contribution

']
2z
[
F
0
q
e

MARIE CURII

Can have sizeable contribution with K7 system in spin 0 configuration

Systematic in previous analysis, Can significantly bias observables for
larger statistics [T. Blake et al |

Angular distribution [J. Matias|, [D. Becirevic et al .|

1 d3T¢un 1 3T w0 (1- Fg)
Tgqn dcosOpd cos Odd T'gex0 dcosbdcosOrdeo o

3
+ — |Fgsin? 0y + Agq sin® 0y cos 0k
167
+ Agosin 20, sin Ok cos ¢ + Ags sin @y sin O cos ¢

+ Agygsinfysin Ok sin ¢ + Ags sin 20, sin O sin ¢

6 additional observables, challenging

Separate analysis to determine dB(B° — K*Ou*;7)/d¢? and the
S-wave fraction using fit to Mgy, mKx and cos Ok

] = =
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EThe rare decay B — ¢[— K K |utp~

MARIE CURII

S S S S
0 _ 0 _
BY 7 ¢ B 7 R
b T T s b N N $
‘\ W+ . ’ \‘ \[/V_
~~-_’ZO I W+\‘ N wo
Y ‘\ vy
M‘F N ”+

KTK~pu"p~ final state not

z 100
74000}

self-tagging — reduced number of z

observables: Fy,, S347, As5638.9 B .
2500

Signal yield lower due to fs/fq~1/4 .

Clean selection due to narrow o N
¢ resonance o LHCb
Less S-wave pollution than K*0put i~ R

] = =
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MARIE CURIE

Angular analysis of

3
dl'/dg? dg? d cos Ok
1

In total 174 + 15 signal events in 1fb~* — Not enough for full 3D fit
1 —

B Z
d’r

Integrate over 2 of 3 angles and fit one-dimensional distributions
d’r

(1— FL)(1 — cos® O) + 3FL cos” Ok
— 1—-F)(1 0 F 1 —cos? 0 A 0
ar/dg? dZ deosf; ( 1) (L4 cos” B) + TFL(1 — cos® 0y) + FAg cosfy
1 dr 1
dl'/d¢? dg?2d®  2n

= — + 53 cos 2¢ + Ag sin 29
Remaining parameters Fp,, S3, Ag, Ag

G

Updated analysis with 3fb~! will allow for 3D angular analysis
C. Langenbruch (Warwick), Beauty 2014
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g. Observables in BY — ¢utp~

MARIE CURII

S

LHCb b) LHCb

LA

5 10

0.1

°c
2

dB(B—gu* 1)ldg? [GeV2eh]

15
& [GeVH

[JHEP 1307 (2013) 084] ““’0

15
¢ [GeVZe

1 1 T T

o ' tiee ] < fo LHCb
sE 1 s 9
C_L‘\» I Lo + Jod j: -|~—|>

T + +—— |
-0.5F 1 o5 ]

! s

5 10

10

15 15
2 [GeV/cH ¢ [GeV?/c#]

Angular observables in good agreement with predictions
Differential B low
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Backup

Formfactors from lattice calculations

FF from LCSR are calculated at low ¢? and extrapolated to high ¢?
Recent FF from lattice at high ¢® [R. Horgan et al. PRD 89, 094501 (2014)]
[R. Horgan et al. PRL 112 212003 (2014)] combine B® — K*9u*u~ and

B — ot~

12

T Gev'?)

0.6

0.4

0.2

AB/dg (10

0.0

at high ¢?

0.6

B Kt

F

02

01p

B Kt

Ry

| B Kot |

N 0.0
15 16 17 18 19

15 16 17 18 19

15 16 17 18 19

— 0.0
B = Kyt
—01f

0.2

Hf;

0.3

0.4

— 0.5

0.0 T

T
L B = Koy

T
B = Kty |

L Y] ) A PR
15 16 17 18 19 15 16 17 18 19 15 16 17 18 19 15 16 17 18 19
— 0.7 ——— 0.8 ———r— 0.3 ———1—
B = optps L B ot B — ot L B optu
A ok B osl P 02
(X158 ol | 01 1
04 B = 00
@ s 0af :
03 gl —01 1
02f 0= —02 ]
01 4 025 4 N CE
0.0 —04 —04

Warwick), Beauty 2014

L
15 16 17 18 19
? (GeV*

MR
15 16 17 15 1
2 (GeV?

15 16 17 18 19
2 (GeV”

Electroweak penguin decays

M
15 16 17 18 19

2 (GeV*
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i Fit of high q° region using lattice FF

NP
G

Best fit value Cf" = —1.1, €, = +1.1

Deviation from SM driven by the low branching fractions of both
BY — K*%u* = and BY — ¢utu~ at high ¢?

] = =
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Prospects for B® — K*Ou* 1~ in 2018 and beyond

MARIE CURII

LHCb is expected to collect an additional 5fb~* in 2015-2017
Afterwards LHCb upgrade [CERN-LHCC-2012-007]

Type Observable Current LHCbH Upgrade Theory
precision 2018 (50fb™")  uncertainty
B” mixing 2h. (BY = Jfb ¢) 0.10 7] 0.025 0.008 ~0.003
203, (BY — Jjvr fy(980)) 0.17 [10] 0.045 0.014 ~0.01
Aw(BY) 64x107° 18] 06x107%  02x10% 0.03x 10
Gluonic 28 (BY 5 ¢o) = 0.17 0.03 0.02
penguin 28°M(BY — KK ) = 0.13 0.02 < 0.02
28*1(B® — gK2) 0.17 [17] 0.30 0.05 0.02
Right-handed 28T(BY = ¢v) - 0.09 0.02 < 0.01
currents By = )/ 5% 1% 0.2%
Electroweak — S3(B" = K*utpu=1 < ¢* < 6 GeV¥ ) 0.08 [11] 0.025 0.008 0.02
penguin s0 Arp(B® — K*%u*u™) 25 % [14] 6% 2% %
Af(Fptp1 < g < 6GeVYet) 0.25 [15] 0.08 0.025 ~0.02
B(BY —» wtutu ) /BBY — Ktptu) 25 % [16] 8% 2.5% ~ 10 %
Higgs B(BY — pp™) 1.5 x 1077 2] 0.5x 1077 015 x 1077 0.3 x 107"
penguin B(B" — utp ) /B(BY - putyu) - ~ 100 % ~ 35 % ~5%
Unitarity v (B — DWK®) ~ 10-12° [19, 20] 4° 0.9° negligible
triangle v (B? = D,K) = 11° 2.0° negligible
angles B (B = J/yKY) 0.8 [15] 0.6° 0.2° negligible
Charm Ar 23x107%[I§] 040 x 107% 0.07 x 1077 -
CP violation AAep 21x107% 5] 0.65 x 1073 0.12 x 1073 -
=] (=) E £ DA

2:le2d  C. Langenbruch (Warwick), Beauty 2014 Electroweak penguin decays
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