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Introduction

i Rare decays as indirect probes for BSM physics

SM penguin diagram NP penguin diagram

Rare FCNC decays are loop-suppressed in the Standard Model (SM)

New heavy particles in SM extensions can appear in competing diagrams
can affect B and angular distributions
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£834: Rare decays as indirect probes for BSM physics

SM penguin diagram NP penguin diagram

Rare FCNC decays are loop-suppressed in the Standard Model (SM)

New heavy particles in SM extensions can appear in competing diagrams
can affect B and angular distributions
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- ’ i=1,2 Tree
Her = — th ZCO +C0 +Z A2 i=3—6,8 Gluon penguin
=7 Photon penguin
Left handed Right handed,

i=9,10 EW penguin
:Z suppressed i=S,P (Pseudo)scalar penguin

Model independent description in effective field theory

Wilson coeff. Ci(') encode short-distance physics, OE') corr. operators
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9 Introduction

Decay fully described by three helicity angles (0 = (6, 0k, ¢) and ¢* = m2,
1 ET+T) 9 2 2 1 2
TS YT CRTS = 32—71_[1(1—FL)s1n O + F, cos® O + (1 — F) sin® Ok cos 20,

— F1, cos? O cos 20, + Ss sin? Ok sin® 0, cos 2¢
+ Sy sin 20k sin 260y cos ¢ + S5 sin 20 sin 6, cos ¢
+ %AFB sin? O cos 0y + Sy sin 20 sin 6y sin ¢

+ Sg sin 20 sin 26, sin ¢ -+ Sp sin” O sin® 6 sin 2¢]

Fy,, Apg, S; combinations of K*° spin amplitudes
depending on Wilson coefficients C’;l), ey, Cfg

Large part of theory uncertainty due to hadronic form-factors
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Reminder: B® — K*%u™ 1~ angular observables (1 f

<
MARIE CURIE
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[JHEP 08 (2013) 131]

15 20
g2 [GeV?/cY

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 = 4.9 + 0.9 GeV? consistent with SM prediction

03 s = 4.3610:33 GeV? [EPJ C41 (2005) 173-188]
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Introduction

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/+/Fr(1 — FL) leading FF uncertainties cancel for all ¢°

3.70 local deviation from SM prediction [JHEP 05 (2013) 137] in P}
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[PRL 111, 191801 (2013)]
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Introduction

i b — sy~ branching fractions

MARIE CURII
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Measured B® — (K**, KOu*tp=, Bt — (KT, K*N)utp=, BY — ¢ptu~
[JHEP 08 (2013) 131] [JHEP 06 (2014) 133] [JHEP 07 (2013) 084]

B tend to lie below SM predictions
[Horgan et al., PRL 112, 212003] [Altmannshofer et al. arxiv:1411.3161]
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Introduction

e global picture of b — s transitions

g
t[arxiv:1411.3161} -
a}[PRD 88, 074002] . [ ] Global b — s
i 3 [ Only K%
2 {73 tchade L Bt ] l . Only B
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Global fits to b — s FCNC processes prefer shift of Cg by ~ —1.5
[S. Descotes-Genon et al. PRD 88, 074002] [Altmannshofer et al. arxiv:1411.3161]
[Beaujean et al. EPJC 74 2897] [Hurth et al. JHEP 04 097]

Consistent picture of the observed tensions in angular obs. and B

Possible NP interpretation: Z’
[Gauld et al., arxiv:1310.1082] [Buras et al., arxiv:1311.6729]
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Introduction

Another interesting deviation: Ry
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Test of lepton universality: Ry = % My 1+ 0(1073)
Ry = 0.74570099 (stat.) & 0.036(syst.), compatible with SM at 2.65
Can also be explained in a consistent way

[Hiller et al., PRD 90, 054014 (2014)] [Altmannshofer et al., PRD 89 (2014) 095033]
[Glashow et al., PRL 114, 091801 (2015)] [Crivellin et al., arxiv:1501.00993]

See also talk by A. Crivellin
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Latest results on rare decays
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Study of rare B}, — nt7 ptp~ decays |
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Contributions from

BY — foutu~: b— s transition similar to B® — K*Oy+pu~

B% — p°utpu~: b — d transition, |Viq/Vis|? suppressed in SM
SM predictions show large variation

Bsm(B? — fouTu=) =06 x 1079 - 5.2 x 1077

[PRD 79 014013], [PRD 81 074001], [PRD 80 016009]

Bsm(B® — p°utp=)=(5—-9) x 1078

[PRD 56 5452-5465], [Eur.Phys.J.C 41 173-188]
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Latest results on rare decays

: Study of rare BY,, — 7w~ put ™ decays |l

MARIE CURIE

Resonant decay Signal decay
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Observation of BY — 7F7~putpu~ with 7.60

Evidence for B® — ntn~utpu~ with 4.80

Branching fractions compatible with SM predictions
B(B? — 777 i) = (8.6 + 1.5gar. + 0.7syse. £ 0.7n0m.) x 1078
B(B? - 77~ ptp™) = (2.11 £ 0.51g4at. & 0.155yst. £ 0.16000m.) X 1078

Motivated work in theory [Wang et al., arxiv:1502.05104], [arxiv:1502.05483]
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Latest results on rare decays

The rare decay A) — Autp~

u u
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t
b T - s
\\~~.W,’ y —
VAR :
wt

Rare Ag baryon decays have unique features
AY has half-integer spin
Particular hadronic dynamics (heavy quark + light di-quark system)
A decays weakly [JHEP 01 (2015) 155]

Measured angular obs. and B
[LHCb-PAPER-2015-009, to be submitted to JHEP]

Presentation by L. Pescatore this afternoon
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Latest results on rare decays

he rare decay
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Analyse B? — K*0cTe™ at very low ¢%: [0.0004, 1.0] GeV?/c*,
accessible due to tiny e mass

Determine angular observables F7,, Ag), ARe AITm
sensitive to C7 and C%,
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Latest results on rare decays

: The rare decay B" — K*¢te~

MARIE CURII

[arxiv:1501.03038]
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Analyse B? — K*0cTe™ at very low ¢%: [0.0004, 1.0] GeV?/c*,
accessible due to tiny e mass

Determine angular observables F7,, A(T2), ARe AITm

sensitive to C7 and C%,

Experimental challenges: Trigger and Bremsstrahlung
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9 Latest results on rare decays
g

5 Angular analysis

Candidates / (0.2)
Candidates / (0.2)

Candidates / (0.1mrad)

- X 1
cos 6 cos 6

[arxiv:1501.03038] [JHEP 05 (2013) 043]
obs. result obs. SM prediction
F,  40.16 £0.06 +0.03 F, +0.1070 5
AP —0.23+0.23+0.05 AP +0.0310:0°
AR 40.10+£0.18 £0.05 ARe —0.1510:03
A 40.14+0.2240.05 Al (-0.2+73) x 10~*

Results are in good agreement with SM predictions

Constraints on Cél) competitive with radiative decays
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BY - K*%uTu~

: B — K*0u* 1~ selection

LHCb. 10°
< preliminary

R [GevZc

10°

10°

10

55 5.6 ‘ 5.7
m(K*7 utw) [GeV/c?

1

BDT to suppress combinatorial background
Input variables: PID, kinematic and geometric quantities, isolation variables

Veto of BY — J/p K*0 and BY — 1(28)K*Y (important control decays)
and peaking backgrounds using kinematic variables and PID

Signal clearly visible as vertical band after the full selection
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g BY - K*%uTu~

: Mass model and B® — K*0u "1~ signal yield

URIE

[LHCb-CONF-2015-002]

K LHCb 1% LHCb
% L preliminary | % 10° preliminary i
%_ 100? BY — K*Ou signal | ozr, B°— Jp K*°
ot 1.1 < ¢? <6.0GeV¥ct { 2 control decay -
a [ 1 2 10 5
: ., 18" |
& 50 12 :
1 107
m(K"rr ) [MeV/ce?) m(K*n ) [Mev/c?)

Signal mass model from high statistics B — J/i) K*°
Correction factor from simulation to account for ¢ dep. resolution
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BY - K*%utu—

Mass model and B® — K*0u*u~ signal yield

[LHCb-CONF-2015-002]
[1.1,2.5]GeV?/c*  [2.5,4.01GeV?/c*  [4.0,6.0] GeV?/c*

o LHCh
preliminary

[0.1,0.98] GeV?/c?

LHCh
preliminary

LHCb LHCb
preliminary preliminary

Events/ 5.3 MeV/c?
Events/ 5.3 MeV/c?
8
Events/ 5.3 MeV/c?
Events/ 5.3 MeV/c?

10F

i i e E—
[6.0,8.0] GeV?/c*  [11.0,12.5] GeV?/c*  [15.0,17.0] GeV*/c*  [17.0,19.0] GeV?/c*

LHCb LHCb
preliminary preliminary |

052(1] 5400 5600 0
m(K ) [Mevie?

LHCb. -
preliminary

LHCb.
preliminary

Events/ 5.3 MeV/c?
Events/ 5.3 MeV/c?
Evem%/ 53 NIeV/DZ
Events/ 5.3 MeV/c?

Signal mass model from high statistics B — J/i) K*°

Correction factor from simulation to account for ¢ dep. resolution
Finer ¢? binning to allow more flexible use in theory

Significant signal yield in all bins, ¢ integrated Ngjz = 2398 & 57
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Acceptance effect

mare corme
[LHCb-CONF-2015-002]
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simulation simulation
1 -(;.5 0 055 0 2 é é
cos B¢ 4

Trigger, reconstruction and selection distorts decay angles and ¢2 distribution

Parametrize 4D efficiency using Legendre polynomials Py

g(cos by, cos Ok, @, q2) = Z Ckimn Pr(cos ¢) Py(cos GK)Pm(¢)Pn(q2)
klmn

Coefficients ciimn from moments analysis of B® — K*Ou+ = PHSP MC

Crosscheck acceptance using B® — J/i) K*° control decay
o I - : 9vace

Rare decays from LHCb
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9 B - K*%uTu™
%éé Control decay BY— J/ip K*°
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black line: full fit, blue: signal component, red: bkg. part
Angular observables successfully reproduced [PRD 88, 052002 (2013)]
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BY - K*%uTu~

3: S-wave pollution

MARIE CURIE

S-wave: K7~ not from K*°(892) but in spin 0 configuration
Introduces two add. decay amplitudes resulting in six add. observables
1 (' +1) —(1- ) 1 d3(r+T)
AT +D)/d ad sy dT+D)/d ad |

3
+ —Fysin®8; + S-P interference
167

Fyg scales P-wave observables, needs to be determined precisely

[LHCb-CONF-2015-002]

Perform simultaneous m g o] oo ]
fit to constrain Fyg 2 pretiminary
o
P-wave described by rel. BW 0000~ :
S-wave described by LASS model ,% I
. 20000 -
crosschecked using Isobar param. I

0.9 0.95
mK*77) [GeVic?]
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4 B — K0t~ Likelihood fit

MARIE cumz

Full 3fb=! allows first simultaneous determination of all eight
CP-averaged observables in a single fit

Allows to quote correlation matrix to include in global fit

Perform maximum likelihood fit to the decay angles and m g, in 7
bins, simultaneously fitting m g, to constrain Fg

10g£ Zlog |: Q q fs1g s1g(Q)Psig(mK7ruu)

+ (1 - fsig)fpbkg(ﬁ)lpbkg(ml(wp,u)}

+ Z log [fsigpsig(mKw) +(1- fsig),Pbkg(mKTr)}

. 1 d®(r+1D)
Psig(Q) given by d(T+T)/dg? 4G S4+P

Phkg(©2) modelled with 274 order Chebychev polynomials.
Feldman-Cousins method [G. Feldman et al., PRD 57 3873-3889)]
to ensure correct coverage at low statistics
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9 B - K*%uTu™

sl Systematic uncertainties

MARIE CURIE

Systematic uncertainties related to acceptance:

Kinematic differences between data and simulation
q* dependence of acceptance

Acceptance model (order of parametrisation)
statistical uncertainty

Peaking backgrounds
BY — ¢utpu=, A) —» pKptp~, BO - Ktn_ o uhu~
PDF modeling

Signal mass model

Angular background model

M. S-wave description (LASS/Isobar)
my~ dependent efficiency

All determined using high statistics toys
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BY - K*%uTu~

Systematic uncertainties

Systematic uncertainties related to acceptance:

Kinematic differences between data and simulation < 0.01 — 0.02
q* dependence of acceptance

Acceptance model (order of parametrisation) < 0.01

statistical uncertainty

Peaking backgrounds
BY — ¢utp=, A) - pKptp~, B - Ktn_, ptp~ < 0.01—0.02
PDF modeling

Signal mass model

Angular background model

M. S-wave description (LASS/Isobar)
my~ dependent efficiency

All determined using high statistics toys

Measurement is statistically dominated
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BY - K*%uTu~

%B)—> K*u* i~ likelihood projections [1.1,6.0] GeV?/c

MARIE CURII
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TR, ; e
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09 0.95
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[LHCb-CONF-2015-002]

Efficiency corrected distributions show good agreement
with overlaid PDF projections
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BY - K*9utu—

i Forward-backward asymmetry Agp

[LHCb-CONF-2015-002]
T —T T T T T
e E——
I mm ]
0 —=
f_; F LHCb
preliminary

Il SM fromABSZ ]|

-0.5— [1503.05534][1411.3161]
L L L L 1 L L L L 1 L L L L 1 L L L
0 5 10 15
o [GeVFcA

Data points slightly below SM prediction at low ¢?
ZCP ¢ = 3.7798 GeV?/c! evaluated as in [JHEP 08 (2013) 131]
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[LHCb-CONF-2015-002]
LHCb
preliminary

[ SM from DHMV
[1407.8526]

BT
o [GeVicA

Tension seen in P, in [PRL 111, 191801 (2013)] confirmed

[4.0,6.0] and [6.0,8.0] GeV?/c* show deviations of 2.90 each

Naive combination results in a significance of 3.7¢
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[LHCb-CONF-2015-002]

LHCb
preliminary

[ SM from DHMV
[1407.8526]

L
A

-]O

-0.5

R [GeVv?/cd
Tension seen in P, in [PRL 111, 191801 (2013)] confirmed
[4.0,6.0] and [6.0,8.0] GeV?/c* show deviations of 2.90 each
Naive combination results in a significance of 3.7¢
Compatible with 1fb~! measurement

I#iZ&s2  C. Langenbruch (Warwick), Moriond EW 2015 Rare decays from LHCb


http://cdsweb.cern.ch
http://arxiv.org/abs/1407.8526
http://arxiv.org/abs/1308.1707

¢ 9 Conclusions
p

58 Conclusions

MARIE CURIE

Rare decays are an excellent laboratory to search for BSM effects
LHCb an ideal environment to study these decays
Presented full angular analysis of B — K*0; %~
using the full 3fb~! LHCb data sample

P! deviation confirmed:

Two ¢ bins with significance of 2.9¢ each

More interesting tensions in electroweak penguins:
Ry, low b — suu B

Looking forward to the theory interpretatig
See talks by Q. Matias, D. Straub
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Backup

The LHC as heavy flavour factory

MARIE CURII

pear HCAL
SPINPS M3
M2

M4 M5

RICH2
T3,

bb produced correlated predominantly in forward (backward) direction
— single arm forward spectrometer (2 < n < 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*%u% 1~ and other rare decays
=} = = E = A
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2
i . Tracking

MARIE CURII

Tracking system

Vertex

detector
i o /J/+ Tl.—
L~T mmSV L
PV B‘i PP Kt
p * ) p

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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i The LHCb detector: Particle identification and Trigger

Muon system

[arxiv:1211.6759]

1 T T T T
L2k LHCb ERTT S
“t Js=7TevData . ® ALK

Efficiency
P

'__'., i o*
&0 20 100
Momentum (MeVic)

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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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

] 5 =
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S/(S+B) weighted cand. / (40 MeV/c?)
a
&

s
T

2

2

8

-
T

B
5400

5000 5200

BB g ) 1079

Observation of B?— p* i~ using combined CMS and LHCb
dataset [arxiv:1411.4413], submitted to Nature

B(B? — ptpu~) = (2.79795510-20) x 1079, 6.20 sign. (7.60 expected)
B(B® — ptpu~) = (3.94713310-31) x 10719, 3.20 sign. (0.80 expected)
SM predictions [Bobeth et al., PRL 112 (2014) 101801]

B(BY — ptpu~) = (3.66 £0.23) x 107, compatible at 1.20

B(B® — ptp~) = (1.06 £ 0.09) x 1071, compatible at 2.20

] 5 =
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Backup

: B — K*0u% 1~ angular observables

Four-differential decay rate for B® — K*Optp~
d'T(B° —» K*%utp~)
dg?2dcosbydcosbr dp 321 [

+ (I3 sin® 0 + IS cos? Ok ) cos 26,
+ I sin® O sin? 0, cos 2¢ + I sin 20k sin 26, cos ¢
+ I sin 20 sin Oy cos ¢

I sin? O + I{ cos 20k

+ (I sin? 0 + I cos? 0x) cos Oy + Ir sin 20k sin B, sin ¢
+ I sin 20 sin 26 sin ¢ + Iy sin? O sin? 6 sin 2¢>]

I;(¢?) combinations of K*° spin amplitudes sensitive to c¥, eV, 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;
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: B — K*%u% 1~ angular observables

MARIE CURII

Four-differential decay rate for B® — K*Optp~
d'T(B° —» K*%utp~)
dg?2dcosbydcosbr dp 321 [

+ (I3 sin® 0 + IS cos? Ok ) cos 26,

+ Iy sin? O sin® 0, cos 2¢ + W

+ I sin 20y sirflcos ¢

+ (I§ sin? 0 + IS cos? ) cos Oy +W
+ W + Iy sin? O sin® 6, sin 2¢)]

I;(¢?) combinations of K*° spin amplitudes sensitive to c¥, eV, C(/)

I sin? O + 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 ¢ — ¢ + 7 for ¢ < 0 cancels terms  sin ¢, cos ¢
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g

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

2
= (2+6)

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

ﬁZ
I = @A\+M| @aRﬁ
i -s{iafe + - o)

,82
L= {MAQ\AF @»Rﬁ

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

For completeness

o =25, {RUAFAL) - (L 1)}

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

Iy = %{%(AgAﬁ*) + (L — R)}

Iy = 55{3(%&4&) +(L— R)}
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i K*0 spin amplitudes A7, A", AL

MARIE cumz

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

2
Vi(g®) 4 2772lb<cefr+c/eﬁ)Tl }
mp + Mg+

Ai(R Nr{ [(Ceff+c/eﬁ' ¥<C§g+c/eﬁ")]

Ai(q?) 2mb

L(R)
AP = 8oy — i { [T - €5 (058 - o) 21
B Mg+

(G - CFM)Ta(q >}

N Az(q?)
AKR) _ { ceff _ cyeft Ceff _ qreff 2 2. DA 22
0 E— [(c§ s ) F (Cio T [0mE — miee — @) (mp + mg-) A1 (q?) mB+mK*]
A
2O = CFT) [l + 3 — ) Tala?) — 2 Ta(a?)] |
B e

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”)
] 5 =
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g Analysis strateg

MARIE CURII

g

——————
Resonant 'decays

Jp,1p(2S) band

m(u*p’) [MeVic?]

Signal band

10

1 " " 1

0 5200l l l5400 l5600l
m(K T ) [MeV/c?]
Veto of BY — J/ip K*9 and B® — 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

C. Langenbruch (Warwick), Moriond EW 2015 Rare decays from LHCb
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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’ <2GeVict = 2 < <4.3GeVict = 43 <’ <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 MW Peaking bkg 5 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
mK ) [Mevic?] mK T p*) [MeV/c?] mKTTt) [MeVic?]

Fit of Ngg in g bins
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- 9 Backup
25 s

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

% 1 ¢ LHCb 1t I b
: Theory EEBinned 43 <7 <8.68 GevZ/ct
El —e-LHCb .
3 ,{; 15 T T T ]
g
g LHCb - ]
< -
© <
S i
0 5200 5400 X - 5400 5600
n 'To ] mK'TTp') [Mevic?]
=, i
o 60 Nc- 1 —_—T—
H LtHcb B 05 $ ] LHCb
2 10.00 < ¢ % ] 16 < ¢ < 19 GeVZ/c*
3 40 7 9
T 20| -
5 0 5 10 15 20
we  [JHEP 08 (2013) 131] o [GevZ/cA]
0 5200 5400 5200 5400 5200 5400

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

Fit of Ngg in ¢* bins

Use BY — J/i K*9 as normalisation channel

SM prediction [C. Bobeth et al. JHEP 07 (2011) 067]

Data somewhat low but large theory uncertainties due to FF
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;B - K ~ angular observables |

MARIE CURII

Theory EEEBinned Theory HEBinned
—8-LHCb —&-LHCb
- 1y T T T ] E 4 T T T
w ] <«
LHCb ] LHCb
E 0.5F .
] ——
F o] B
1 0|
1 0.5F <
o L L L 4l L L L
0 5 10 15 20 0 5 10 15 20
a?[GeVZ/c4l a2 [GeVZ/cl
Theory EEEBinned
—8-LHCb —8—LHCb
o T T T T T T
) ] <
0.4 < 0.4 <
LHCb E LHCb
02F 3 02F .
= 4 ] o —L— T
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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Backup

The K7 S-Wave contribution

']
2z
[
F
0
q
e

MARIE CURII

Can have sizeable contribution with K7 system in spin O 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 cosOdd T'gex0 dcosbdcos Ode o

3
+ — |Fgsin? 60y + 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*;~)/d¢? and the
S-wave fraction using fit to Mgy, mKx and cos Ok

] 5 =
Rare decays from LHCb
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: Angular analysis of Bt — K*utpu~ and

MARIE CURII

— 0 0 —
B+—)K+}L+’Ll, B —>KS/J‘+M
~ 500 T T —~
K 2 2 kg
u(d) u(d) E s, @ 11< <60 Geviret  LHCb E
b d 5 2 S
‘\\W+ . . g 200| §
R I 2 =
ZOTL”LVHH< § 100| §
wt o o
5200 5400 _5600 5200 5400 _5600
MK ) [Mev/c? mKE pp) [Mev/c]

[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
7M = 1(1 — Fy)(1 — cos® ;) + iFH + App cos 6y

T dcos b,

LdT(B® — KOutpu~) 3 ,
S8 TS ) 2~ Fy)(1— | cosf g
r d| cos 0| 2( )(1 = |eos6e) + Fu

Flat parameter F}y sensitive to (Pseudo)scalar contributions, small in SM

Forward backward asymmetry Agp zero in SM

i
!
S
o
i)
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. Angular analysis of Bt — K*puTp~ and B — Koup~

43 / 2

C T @ 0-2_ T T T T
N LHCb < LHCb ]
o4t Bt o Ktut o1 L B+ — Ktutu
0 J.I}_II I HEI :
{T WT .
10 15 20 '0'20- 5 10 15 2 :
P [GeVZcd P [Gev¥cy
T LHCb
B *Kg’ﬁ’f_ 2D fit in cos 0y and m(Ku* ™)
[JHEP 05 (2014) 082] in good
- agreement with SM prediction
10 15 20
2 [GeVZcd o> <3 E = 9ac
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: B — Kutp~ branching fraction measurement

MARIE CURII

Number of signal events in full 3fb™" data sample
BY—» Kyutp~ BY = KtuTp 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 & 20 T T
% 5 B' L Kty 7 % 5 B0, Ko,u*u' E % B K~+u+”—
(U LHCb 3 9 4 LHCb 4 9 15 LHCb A
S S S
ao>< 3| X 3] X 1o 1

+ + © © .
IR 24 g t

5F E

g 1 %’ 1 + %' +
a @ . . a .
© % 5 10 © % 5 10 © 5 1

IS TS T w

P [Gevic] PGevic] 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 or <

i
!
S
o
i)
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Backup

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 ] Dl

< b Lo BoKuw < b LHob B K + 1 3
o5k . 05f 4 —
i ] : 1 <
| PN iy A E
Lttt o T 4 + T 1
-0.5::+_ . 05 4 <
i . o

[ ] [ L
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
o = = = = 9ac
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Bt - K'ntn u*pu and BT — oKt~

BY 5 Ktntn—putpu~ BY S5 oKVt~
N/-\ ||||||||||||||||| (/\‘\1II|IIII|IIII|IIII|IIII
2 2 2
S LHCb 1.00< g2 < 6.00 S - +(a?
s s - uu
o o
=) )
8 B
8 ®
o i)
© e]
& &
O 5300 5400 5500 O 5200 5300 5400 5500 5600
m(K*mmut ) [Mev/c m(eK* ) [MeV/c?]

[JHEP 10 (2014) 064]

First observation of these modes with
Nuig(BT — Ktrtn=put ™) = 367733 and Nag(BT — oK putp™) = 252789
Normalise to B™ — ¢(2S)(— Jpn 7w~ )K+ and Bt — Jhp oK™+
Determine branching fractions
B(BT — KTntn™ ™) = (4.36 1937 (stat) £ 0.20 (syst) £ 0.18 (norm)) x 107"
9
7

BBt = oKt utp ) = (0.82 ol (stat) £ 0.04 (syst) £ 0.27 (norm)) x 1077
= = = = E DHaw
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s Bt — Ktnn 't~ cont.

N SR T & T T L
P 58 LHco | 2 od LHob | | @
S 6 g 50 I H B o Koty
q’% 5 B 4 # I
RO ~
% 1 7 H
R e — & 2 I ;
i é 19 'F]'l H’}{#

ol L |

5 1 15 o ¢ 1000 1500 ooo 2500

2 [GeV¥c4 m(K*7rt ) [MeV/c?

[JHEP 10 (2014) 064]

Performed measurement of dB(BT — KTntr~ptu™)/dg?
Significant contribution from B+ — K" (1270)u* ™~ expected

Low statistics — no attempt to resolve contributions to KT+ 7~ final state
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CP-asymmetry Acp

BT —> Ktptu~ prehm B~ —> K utpu~ prehm
) — L1
® 20 LHCb (a) 4 Losop LHCb (b) -
3 T
= 200 3 = 200F —j
© ©F ]
(=] o
2150 N
4 I
B :
g i

0 5200 5400 5200 5400
My (MeV/cz) (MeV/cZ)

[JHEP 09 (2014) 177]
Direct CP-Asymmetry Acp
I(B— KWptp™) —T(B = KW putp)
I(B = K& ptp=) +T(B — K& ptpo)
Acp tiny O(1073) in the SM
Correct for detection and production asymmetry using B — J/i) K*)
A = Acp + Ader + Filprod, Acp = A — ALLKT

Taw

Acp =
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9 Backup

4; CP-asymmetry Acp cont.

MARIE cumz

o
O
<

ACP‘(B+ — ‘KJF/PL;f) prelim ACP(BO — K*?M+M_) relim.

o 0.2F
O E
< 0.15F

Pttt 8L

o

IR NETEN RRTRE IR FTY, ATET1 FAARINTTT SATTi AN

: 1 oosf T T T\ 1
021 E 0.1F
-03f 4 -0I5F ‘\»
F LHCb B 02F
04p 1 -ozsp LHCb
% 5 1 15 20 03y 5 10 15
o? [GeV3ch] 9? [GeVHch

[JHEP 09 (2014) 177]

Measured Acp in good agreement with SM prediction
Acp(BT — K1t ™) =0.012 £ 0.017(stat.) & 0.001 (syst.)
Acp(B® = K*ut ™) = —0.035 + 0.024(stat.) = 0.003(syst.)

Most precise measurement
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g Test of lepton universality in BT — K/T(~

MARIE CURIE

+ oty .
Ry = % =1+ 0(107%) in the SM

Sensitive to new (pseudo)scalar operators

— o5 B Kt — B o Klete
) - S HHeo) .
g 20 o é 20

& & 15 10

10
10

0 PACAETSTAS

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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g

4 Test of lepton universality in BT — K¢/~

MARIE CURIE

x10° Bt = Jip(—eTe )KT

3 LHCb
3 10_ 7
E -
g | @
% 5 riggered on e]
ko) F ]
b=t
°
&
U 1 1 1
5000 5200 5400 5600
m(K*ete) [MeV/c?]
-e-LHCb -m-BaBar -a-Belle
o LHCb 1
19 N S
s |
L | M
L i ]
0.5 b
% 5 10 15 20
o? [GeVZcd]
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Candidates/ (40 MeV/c?)

5000 5200

5400 5600
m(K*ete’) [MeV/c?]

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

R = 0.74575-09%(stat.) + 0.036(syst.),
compatible with SM at 2.60

Bq2€[1,6] GeVz(B+ — K+€+6_) =
(L5610 x 107

] 5 =
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EThe rare decay By — ¢[— K K |utp~
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S S S S
0 _ 0 _
BY 7 ¢ B 7 R
b T 0 s b N N §
‘\ W+ . Y \‘ \[/V_
~~-_’ZO I W+\‘ N I
Y ‘\ vy
M‘F N ”+

KTK~pu"p~ final state not

g F ; 10°
34000~ :
self-tagging — reduced number of s =

observables: FL, 537477, A5,6,8,9
Signal yield lower due to fs/fq~1/4

QT I LI I

. 0

Clean selection due to narrow z !
¢ resonance 00 LHCb

si00 62005300 Gaod 530066 ‘ 1

Less S-wave pollution than K*0u® i~
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Backup

i Angular analysis of

MARIE CURIE

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

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

1 da2r 3 ) 3 \
dT'/dg? dg? dcos O Z(l — F1)(1 — cos”Ok) + iFL cos” Ok
1 d’r
dF/dq2 m (1 = FL)(1+ cos® f) + FL(1 —cos?0y) + Aﬁ cos 6y
1 d2r 1

= — 2 A 2
/A d2ds ~ 2n + S3COS ¢+ 9 8in 2¢)

Remaining parameters Fp,, S3, Ag, Ag
Updated analysis with 3fb~! will allow for 3D angular analysis
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: Observables in BY — ¢u™u~

CURIE

- r - r L 15 . : . 1 . : .
Tt o 1% }a o] 9 ) LHCb
O - J - 4
: 4 oy matie= il | T
A N ) I N
5 10 q125[GeV2/c“] 5 10 ? ELCSEEVZ/CA] 5 10 @ il.éevzld]
[JHEP 1307 (2013) 084] < fo then] < 1o LHcp

T H L
NIRRT N G b

N ' 15 N 10
o [Gevycq
Angular observables in good agreement with predictions

Differential B low
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http://arxiv.org/abs/1305.2168

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*u*p~ and
B% — ¢utu~ at high ¢?

e T T T T T o3 T T T
sk B Kot ol B = K]

; B K

15 16 1T 18 1% ; 15 16 17 I8 1

& = K LB

[T 15 16 17 85 19

s
B = optu
anf

C. Langenbruch


http://arxiv.org/abs/1310.3722
http://arxiv.org/abs/1310.3887

Backup

j Fit of high ¢? region using lattice FF

-3 -2 =1 0 1 2 3
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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Eﬂ< Prospects for rare decays in 2018 and beyond

MARIE CURII

Type Observable LHC Run 1 LHCbH 2018 I.Ht'h upgrade Thr.or}'
B mixing 3BT = T d) (rad) 0,040 0.025 0.000 ~ 0.003
6,(B° = I/t f5(980)) (rad) 0.068 0.035 0.012 ~ 0,01
Aa(B?) (107%) 2.8 1.4 0.5 0.03
Gluonic ¢ (BT — o) (rad) 0.15 0.10 0.018 0.02
penguin ¢(BY = KK*Y) (rad) 0.19 0.13 0.023 <0.02
28 (B° = ¢KY) (rad) 0.30 0.20 0.036 0.02
Right-handed ¢:L(B‘,’ —+ &) (rad) 0.20 0.13 0.025 < 0.01
- RO 3 20 2
A Ut < g < 6GeVE ) D.&d 0.020 lﬁ% 0.02
penguin a8 Arn(B" = K*utpu™) 10% 5% 1.9% ~ 7%
A(Kptp;1 < ¢ < 6GVYt) 0.09 0.05 0.017 ~0.02
B(B* = =yt~ )/B(BY — K*p* ) 14% % 2.4% ~ 10%
Higgs B(BY = ptp~) (1077) 1.0 0.5 0.19 0.3
penguin B(B” = p*p)/B(B? = p'u) 220% 110% 40% ~ 5%
Unitanty (&= ™ r o 0.7 neghmble
triangle ¥(B?— D*i\*} 1™ 11° 2.0° negligible
angles B(B° — J/y K2) 1.7 0.8° 0.31° negligible
Charm Ar(D“' SRR (109 33 22 01 =
CP violation AAgy (107%) 0.8 0.5 0.1

C. Langenbruch (Warwick), Moriond EW 2015 Rare decays from LHCb



	Introduction
	Latest results on rare decays
	B  0 K *0  + - 
	Conclusions
	Backup

