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Charmless b decays

charge—
n:f:e:... No charm quark in final state particles
... ~1% of b decays

* Competitive contributions from tree-level and loop-level diagrams, leading to large CPV

* New physics contributions easy to enter loop-level diagrams, smoking gun for NP search
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* Selected highlights on new progresses from LHCb + New Physics



New results from B — VV decays




¢ measurements

* ¢,: mixing-induced CPV phase in B decays
* Depending on final states (quark-level diagram) S
difference, we have: ¢S5, 553, dds etc. qk‘
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555 and 295 results

« LHCD has performed measurements of B —

« New update of B — ¢¢ with 4.9 fb-! data
(~8500 signals) and gives
$55 = —0.073 +£ 0.115 + 0.027 rad

es / (0.4850 ps)
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(K*m™)(K~m*) with 3 fb'! data and gives
sdd = _0.10 + 0.13 + 0.14 rad

/(0.314 7 rad)
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« Complicated angular analysis =~ VAV wave %%;@li,*.ﬁm@ §
needed to extract CP information —....... Z:SS ::VV: i’% \j\\,?>«;-;- ] 3
* LHCb prospects for ¢ in different processes: [
Run13fb")  Run2 (Ofb')  Upgradel (50 b))  Upgrade II1(300 fb!)
¢§ES 37 mrad 15 mrad 4 mrad 2 mrad
¢d?s 180 mrad 90 mrad 22 mrad 10 mrad
¢§§S 150 mrad 75 mrad 19 mrad 8 mrad



JHEP 07 (2019) 032
f L reSUItS ig%i?§;§%132205169-019
JHEP 05 (2014) 069
* Large f; expected for tree-dominated B — VV decays while not fulfilled for penguin-

dominated decays; Interesting place to study strong-interaction effect

* f1 been measured in several B = VV decays by the LHCb experiment

B° - p(770)°K*(892)° 0.164 + 0.015 + 0.022 —0.62+0.09+0.09 3 p!
B° -» wK*(892)° 0.68 + 0.17 + 0.16 —0.13+0.27 £ 0.13 3 fp!

B° - K*(892)°K*(892)°  0.724 + 0.051 + 0.016 3 fb-!
BY - K*(892)°K*(892)°  0.240 + 0.031 + 0.025 3 fb!
B? — ¢¢ 0.381 + 0.007 £ 0.012 4.9 fb1

B° - ¢K*(892)° 0.497 + 0.019 + 0.015 —0.003 + 0.038 + 0.005 1 fb!

* These results, together with pQCD and QCDF predictions, will help us understand better

underlying mechanism



New results from B — 3h decays




CPV in charmless B decays

PRL 112 (2014) 011081
PRL 111 (2013) 101801
PRD 90 (2014) 112004

* Interesting CPV pattern seen on Dalitz plot of B - h'*h*h™ , h =K, n

Dalitz plot analysis needed to shed more light on understanding nature of these CPV
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statistics than previous B-factory analyses, has been performed

« Now, amplitude analyses of BY » t*n*n~ and Bt » n*K*K~ , with much larger



CPYV over Dalitz plot

PRD 90 (2014) 112004

* Two competitive contributions needed to have CPV

A — ale’i(51+¢1) + a26’i(52+¢2) A = alei(fsl—cbl) i a2€i(52—¢2)

_ AP 1A
AR+ A2

ACP 0.¢ sin((51 — 52) sin(¢1 — (ﬁz)

* Distributions over PHSP offer possibilities to exam different sources of CPV
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Dalitz plot analysis with CPV

* Amplitude with CPV is modelled as

ZA (P3) = CZHZ @3\ Strong dynamics

f_l((i)g) = X&FL ((1)3) Strong + weak
 (CPV then described as

ci = (v + Axy) +i(y; + Ay;)
¢ = (x; — Axy) +i(y; — Ay;)

* (bservables:

7o J APl 4 [R5 A @) [ ARl A(G)? — [ dy]Ai(0y)]

[ d®3|A(®3)[2 + [ dP3|A(D3)[? — [ d®s|Ai(® |2 + [ d®3|A;(P3)[?




DalitZ plOt analySiS With B — KKT( PRD 90 (2014) 112004

arXiv:1905.09244

* Global CPV observed previous: A, = —0.123 +£ 0.017 £ 0.012 £ 0.007
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* Clear CPV found over different regions of Dalitz plot (with 3 fb-! data)
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Results: K1t resonances

Resonant contributions:

Contribution Fit Fraction(%) Acp(%)
K*(892)" 75x£06x05 4123+ 87+ 45
K} (1430)° 45+07+£12 +10.4+149+ 838
Single pole 323+15+4.1 —10.7+ 53+ 35
p(1450 30.74+1.2+£09 ) —-1094+ 44+ 24

| $(1270) 5F+0.8F0. +26.7 +10.2 + 4.8

Rescattering 16.4 £0.84+1.0 —66.4+ 3.8+ 1.9

¢(1020) 0.3+0.14+0.1 +9.8 +£43.6 +26.6
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Km non-resonance modelled by

A =1GeV/c?

Phys. Rev. D 92 (2015) 054010

arXiv:1905.09244
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Results: KK resonances

e Resonant contributions:

Contribution Fit Fraction(%) Acp(%)
K*(892)" 75x£06x05 4123+ 87+ 45
K} (1430)° 45+07+£12 +10.4+149+ 838
Single pole 323+15+4.1 —10.7+ 53+ 35
| p(1450 30.74+1.2+£09 ) —-1094+ 44+ 24
| »(1270) 5F+0.8F0. +26.7 +10.2 + 4.8
Rescattering 16.4 £0.84+1.0 —66.4+ 3.8+ 1.9
¢(1020) 0.3+0.14+0.1 +9.8 +£43.6 +26.6

* KK non-resonance modelled by rescattering model

i I

Arescattering — (]— + A2

Phys. Rev. D 71 (2005) 074016

e CPV as larger as —66.4%, largest CPV found in

a single decay

arXiv:1905.09244
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Dalitz plot analysis with B - TTIT ~ uuceseanar

LHCb-PAPER-2019-018

 Dalitz plot analysis with 20594 + 1569 events (3 fb-! data)
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e Resonant contributions:
p-w, f,(500), f,(980) region: S-P wave interference
f>(1270) region: D-S, P wave interference

High mass: KK-mm rescattering

e Three different methods to describe S-wave: Isobar model, K-Matrix approach, quasi

model independent approach



S -W ave re S llltS LHCb-PAPER-2019-017

LHCb-PAPER-2019-018

* Good agreement between the three approaches
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* Similar CPV pattern for the three approaches, as large as 10 o
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B — 1t results

LHCb-PAPER-2019-017
LHCb-PAPER-2019-018

e Fit fractions:

Component Isobar K-matrix QMI
,0(770)0 55.5 £0.6 0.7 £2.5 56.5 £0.7 £1.5 £3.1 548 £1.0 £1.9 +£1.0
w(782) 0.50 £ 0.03 + 0.03 £ 0.04 0.47 +0.04 £0.01 £ 0.03 0.57 +£0.10 £ 0.12 £ 0.12
f2(1270) 90 £0.3 +£08 +£14 93 £04 +£06 +£24 96 04 £0.7 £3.9
p(1450)0 52 £03 04 £1.9 10.5 0.7 £0.8 4.5 74 £05 £39 +£1.1
p3(1690)0 0.5 £0.1 0.1 £04 1.5 £0.1 £0.1 £04 1.0 £0.1 £0.5 £0.1
S-wave 254 £0.5 £0.7 £3.6 25.7 £0.6 26 +£1.4 26.8 £0.7 £2.0 £1.0

* Dominant contributions from S-wave and p(770)

* CP asymmetries:

Component Isobar K-matrix QMI
,0(770)O +0.7+ 1.1+ 1.24+ 1.5 +4.24+ 1.5+ 2.6+ 5.8 +44+ 1.7+ 23+ 1.6
w(782) —484+ 65+ 6.6+ 3.5 —6.24+ 844+ 5.6+ 8.1 —794+16.5+14.2+ 7.0
f2(1270) +46.84+ 6.1+ 3.6+ 44 +428+ 41+ 214+ 89 4376+ 44+ 6.0+ 5.2
p(1450)0 —129+ 3.3+ 7.04£35.7 +9.0+ 6.0+£10.8+45.7 —15.5+ 7.3+£14.3+32.2
p3(1690)" —80.1+11.4+£13.5+24.1 —-35.7£10.84& 85+359 —-93.2+ 6.8+ 8.0+£38.1
S-wave +144+ 1.8+ 21+ 1.9 +158+ 26+ 2.1+ 6.9 4150+ 2.7+ 42+ 7.0

« Large CPV from S-wave and f,(1270)



New CPYV pattern

CPV around p(770) pole well described by the three S-wave models

LHCb-PAPER-2019-017
LHCb-PAPER-2019-018
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S-P interference, first observation

* Sign-flip due to phase change and
helicity angle change

* First observation of large CPV in

COSs
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decays with tensor



CPYV searches in b-baryon decays




First evidence of CPV in b-baryon decays

Nature Physics 13 (2017) 391
* CPV has not yet been found in baryon decays JHEP 08 (2018) 039

*  We saw first evidence of 3.30 2 years ago in A, — p3m using triple products using

3 tb-! data
_ LHCb | VS(':hemcle A _ s LHCb‘ Séheme B
s O D s 20/ :
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Binning based on resonant

structures, e.g. p(770), N*, A+ Binning based on ¢ angle

« Updates with other A, = p3h decays, no CPV found



ACP measurements in Ab/Eb H 4h arXiv: 1903.06792

» A.p measurements performed with 3 fb-! data, complementary to triple-product

asymmetry measurements

« Six channels studied w.r.t. control channels A}, » Afm~ and E) — E}n~ , three of which
further divided into specific regions of phase space :

A) > pr mtmT

- — =0 -t
A - pK~rtm ._.8—>pK T
- - = —gtK—
A) - pK K*m Ep 2 pK UK
A) > pK"KYK~
* Results consistent with no CPV
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O pK~K*m~ N(1520)°K *° 2 A= PRKK T
Np— —— - ——
Ca— ; ~ pa;(1260)° —— L pKK*K(low mass) |~
N = pK™K*K -+ - A(1520)p —— 5
- pK T ——— -~ A(1232)"K —~ - N(1520)"0° —— - A(1520)¢ .
=0 PRk S ~ pK;(1410)” . - A(1282)"nn- —— = (PK high mass? o
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Conclusion

* Many interesting CPV measurements have been performed by LHCb

* Will put useful information in determining CKM angles, in understanding
underlying QCD effects and in constraining new physics

 Stay tuned for more results with LHCb Run 2 data

Thank you for your attention




