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Outline

* Flavour-changing neutral current B decays are sensitive to
physics beyond the Standard Model

e Various observables can be constructed to test the SM:
rates, asymmetries (kinematic, isospin, CP)

- Results can be used to constrain Wilson coefficients
- Null tests, such as lepton flavour violation, also possible

* B factories have produced many results in this area
- Unigue datasets which continue to be mined!
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Asymmetric B Factories
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B factories

world record luminosities
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BaBar and Belle detectors

EMC
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PRL 119 (2017) 191802

Isospin & AA_, asymmetries iIn B - K*y

* b - sy transitions excellent probe for physics beyond the
Standard Model

- strong history of measurements of rates and asymmetries
from 1st (CLEO, ARGUS) and 2 (BaBar, Belle) generation
B factories
. . D
- but still some observables not fully studied </

e e.¢g. Isospin rate asymmetry A,, and AA.;

- Reconstruct K* as K+1t-, K+110, K11+, KSTTO
* m(KT) < 2.0 GeV

« —0.2 < AE < 0.1 GeV requirement
« MVA to reject qq background
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PRL 119 (2017) 191802

Isospin & AA_, asymmetries iIn B - K*y
DD
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PRL 119 (2017) 191802

Isospin & AA_, asymmetries iIn B - K*y
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BT — K n%| 572 +£324+12 562+31+11 3.66+0.12
BT — Kont~y| 745+32+8 721+324+9 501+0.14
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arXiv:1807.04236

Isospin & AA_, asymmetries In B - Xy

. Rates and CP asymmetries for Bo— X oy and B-— X_-y should be
almost identifical in the Standard Model [PRL 106 (2011) 141801]

- excellent null tests

- measurement of A, can reduce theory uncertainty on B(B — X,y)

« Use “semi-inclusive” (i.e. sum of exclusive) technique

- many modes studied

« B+, Bo and Bo flavour-non-specific (fns; *)

« Expect 56% (74% with Ko—- Ky) of total X, rate

- require
« M(X,) < 2.8 GeV + D veto
* mode-dependent AE requirement
« MVA to reject gq background
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arXiv:1807.04236

Isospin & AA_, asymmetries In B - Xy
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arXiv:1807.04236

Isospin & AA_, asymmetries In B - Xy

N S
(+1.70 £ 1.39 £ 0.87 £ 1.15)%,

AAcp = (+1.26 + 2.40 + 0.67)%,

Results consistent with zero, with SM, and with previous BaBar results
(PR D72 (2005) 052004, PR D90 (2014) 092001)
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PR D97

(2018) 092003

Decay-time-dependent CP asymmetry in B® - K.ny

Strong polarisation of emitted y in Standard Model (V—-A weak interaction)
Expect very small decay-time-dependent CP violation (S)

| Signal yield: 92 + 15 |
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Decay-time-dependent CP asymmetry in b — sy

0 0
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All results consistent with SM
» Still much room for improved sensitivity
V ' 13
WARWICK

THE UNIVERSITY OF WARWICK



arxiv:1807.03267

D

/o> Search for B? - K*ue

BELLE

» Possible signals of lepton universality violation have become a hot topic
+ R(KY), R(DY)
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BaBar preliminary

Search for Y(3S) - pe

» Exploit the 27 fb~* data sample collected by BaBar at the Y(3S) resonance
e corresponds to (117.7 £ 1.2) x 10° Y(3S) produced
 Allows clean search for Y(3S) — pe
* Two tracks only
* Must be back-to-back, each with Y2 total beam energy
e Main background from e*e~— pu*u~ with p misiD or decay in flight

5_ —

- After all selection criteria, expect 12.2 ¢ | preliminary
+ 2.3 background events 13 E
 Estimated from Y(4S) sample oF .

* Observe 15 candidates A
* B(Y(3S)—-pue)<3.6 x107" @ 90% CL
e First result on this decay mode

9 9.2 94 ) g 104 106 108 11
Mass distribution of ep (GeV)

\ A / signal MC (arbitrary scale 15

WARWICK scaled Y(4S) data
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arxiv:1808.09680

Observation of D° - K1t e*e-

Also of interest to search for lepton universality violation in charm decays

LHCDb have recently observed D° - K-1t*u*~ (PL B757 (2016) 558)
— look for electron counterpart

select D** — D°t* to remove background

° [ a) BABAR
. . - ¢ Data
e use D%- K-tt*rt*tt- for normalisation B — Tou
15:_ ----- Signal

Background
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arxiv:1808.09680

Observation of D° - K1t e*e-

Check projections using sPlot background-subtraction technique
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BaBar preliminary

Search for B-— Apwv

« FCNC processes with vwv pairs theoretically clean
- only Z penguin and W loop diagrams
- Nno y penguin, no charm loops, no resonances
« Experimentally highly challenging
- signature of baryons in final state can help reduce background
- SM prediction: B(B-— Apwv) = (7.9 + 1.9) x 10-7[PR D85 (2012) 094019]

 Exploit Y(4S) - B,,Bs, v v
- By : hadronic decay modes z b ;13%?{

b s - > s

- a O = LS

MVA to reduce qq background | B v <C:§ B (C:ﬁ

- minimal extra energy ! ) i )

- residual background level estimated from sidebands + MC

V ' 18
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BaBar preliminary

Search for B-— Apwv

Residual background estimate: 2.3 £ 0.7 £ 0.6
Number of candidates: 3
B(B-— Apw) < 3.0 x 10> @ 90% CL
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D

Summary /O

BELLE

 Still many interesting new results on rare decays from
BaBar and Belle

- exploiting unique data samples

- complementing previous measurements and those from other
experiments

e All results consistent with the Standard Model

« Excellent prospects for further improvements with Belle Il

\ A 4 20
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PRL 119 (2017) 191802

Isospin & AA_, asymmetries iIn B - K*y
DD

O

B(BY = K*%) = (3.96 + 0.07 4 0.14) x 102,

B(Bt — K*T~) = (3.76 +£0.10 + 0.12) x 10~°,
Acp(B® - K*%) = (-1.3+ 1.7+ 0.4)%,
Acp(BY = K*T+) = (+1.1 £2.3+0.3)%,
Acp(B = K*vy) = (-0.4£1.4£0.3)%,

Aoy = (+6.24+1.5£0.6 =1.2)%,
AAcp = (+2.4+2.8 £0.5)%,
Acp = (—0.1+1.44+0.3)%,
\ A 4 2
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PRL 119 (2017) 191802

Isospin & AA_, asymmetries iIn B - K*y
DD

QD Source Kon’® KTn~ K™n” Kon™ K*® K*T Aos
photon reconstruction eff. | 2.0 2.0 2.0 2.0 20 2.0 -
tracking eff. 0.7 0.7 0.4 I.1 0.7 0.8 0.05
K /m identification eff. - 1.7 0.8 08 16 0.8 0.38
7¥ reconstruction eff. 1.6 - 1.6 - 0.1 0.5 0.21
K% reconstruction eff. 0.2 — - 0.2 <0.1 0.1 0.05
Oxg and 7° /1 veto eff. 0.6 0.6 0.6 06 06 0.6 -
AF selection eff. 1.1 <01 1.1 01 01 04 0.15
charge asymmetry in eff. - <0.1 <01 <01 <0.1 <0.1 <0.01
MC stat. 0.4 0.1 0.3 02 0.1 0.2 0.11
number of BB pairs 1.4 1.4 1.4 1.4 1.4 14 —
f+—/ foo 1.2 1.2 1.2 1.2 1.2 12 1.16
lifetime ratio - - - - - - 0.19
higher kaonic resonance 0.3 0.3 0.3 03 03 0.3 —
cross-feed 0.2 0.2 0.3 02 02 0.2 0.03
peaking backgrounds 1.6 1.2 1.2 1.1 1.2 1.1 0.14
background Acp and Ao4+| 0.2 <0.1 <0.1 01 <0.1 <0.1 0.03
fixed parameters in fit 3.9 0.1 1.5 <01 01 0.2 0.10
fitter bias 2.4 0.2 1.3 0.7 02 0.2 0.08

v ,' total 5.9 3.5 4.2 3.3 35 33 129
23
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PRL 119 (2017) 191802

Isospin & AA_, asymmetries iIn B - K*y
DD

BELLE

Source Kta= Ktrx9 Kg:ﬁ K* K*t K* AAcp Acp
tracking eff. - - - <0.01 <0.01 <0.01 <0.01 <0.01
K /7 identification eff. - - - <0.01 <0.01 <0.01 <0.01 <0.01
7 reconstruction eff. - - - <0.01 <0.01 <0.01 <0.01 <0.01
K2 reconstruction eff. - - - <0.01 <0.01 <0.01 <0.01 <0.01
charge asymmetry in K/ detection| 0.40 0.04 041 040 0.25 0.28 048 0.24
cross-feed 0.02 004 003 0.02 0.02 0.02 0.02 0.01
peaking backgrounds 0.04 0.06 008 004 0.06 005 004 0.05
background Acp and Agy 0.10 0.13 0.09 0.10 0.10 0.10 0.05 0.10
fixed parameters in fit <0.01 0.13 0.02 <0.01 0.02 <0.01 0.02 0.06
fitter bias 0.07 0.16 0.12 0.07 0.09 0.08 0.12 0.06
total 0.42 026 045 042 030 031 050 0.27

v V 24
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arXiv:1807.04236

Isospin & AA_, asymmetries In B - Xy

Source Ao AAcp Agp A'Evp AE?};- Acp (D

tracking +0.02 - — - <001 -
K/m ID +0.04 — - <0.01 -
7 /n recon. +0.01 - — - <001 -
Kg recol. +0.01 -~ - - <001 -~
detection asym. - %039 £0.11 £0.29 £+0.05 £0.10
AFE selection fg:gg — — - <001 -~
J+—/foo +1.15 - - - - -
lifetime ratio +0.19 - - - - -
fragmentation +0.58  — - - x0.01 -~
K*-X; transition| =0.12  — — - <001 -~
missing fraction |< 0.01 - - - <001 -~
background Acp| -  £0.05 +0.03 +=0.04 +=0.02 +=0.03
background Ap_ | £0.01 - — - <001 -
fixed parameters | To7  To5 7035 7035 Toox  T0.0s
fitter bias +0.08 £0.11 +£0.02 £0.09 £0.02 £0.03

r' MC stat. +0.03 - - - <0.01 -

vy total TIs0 Toet To27 Toaz Lolo Lo12 25
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