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Guidelines

(thanks Javier & Keri)

1. What are the physics motivations for experimentalists at LHCb (and Belle 2) to spend their
valuable time on experimental studies of non-leptonic B decays?

2. What do you hope to achieve? And how does this relate to the objectives of the theorists?

3. Very important point: What do you expect will be the "legacy" of LHCb (and Belle 2)
concerning non-leptonic B decay studies? (for example we all know what the legacy of the B
factories was in this context, so this might be a reference point, but of course we should look

forward and not back).

4. Given the motivation, the objectives and the expected future impact (the "legacy") of the
experiments:

4.1. What is the status and the progress? (broadly speaking, of course)
4.2. What are the main obstacles and difficulties that we face?

4.3. Any exciting turnouts? New and smart ideas? (we know LHCD is full of brilliant
fellows so this section might be very long).

5. Requests and questions to theorists. How can we improve the process by collaborating?



What are the physics motivations for
experimentalists at LHCDb (and Belle 2) to spend
their valuable time on experimental studies of
non-leptonic B decays?



Motivation (1)

Non-leptonic B decays provide:

* multiple ways of studying CP violation
- trees vs. loops
- SM benchmarks vs. NP sensitive
- CPV In mixing/decay/mixing-decay interference



Measurement of CP observables In
B* - D®K* and B+ D(*>n decays
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Weighted candidates / (16 MeV/c?)

Constraints on the unitarity triangle angle y from

Dalitz plot analysis of B° - DK*1t~ decays
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Candidates / (30 MeV/c

Dalitz plot analysis of B® - D°K-Tt* decay’s

12 [ ]
I LHCb
10 (a) -
8- =
6 - =
N2 :
2 =
0 - | L | . N -
5 10 15 20 25
—0 _
m2(D ' K") [GeV?/c
1800 ' SRR - S F
1600 F LHCb E S sk
1400 |- q (c) = 3 L
1200 - s < B
1000 - = 2 30k
800 F 3 S
600 3 20
400F ]
200 ot : 10
( D 0

Candidates / (30 MeV/c?)

m(D°K") [GeV/c?]

N

1000 —
800 —
600 —
400 —

200

LHCb-PAPER-2014-036
PR D93 (2016) 112018

(a)

LHCb 5

m(K 1) [GeV/c?]

Data
spin-1 + spin-3

LHCb

I Il I‘“i‘i‘l"l"ir-lul I 111l I 1111 I 1111

R B
0.5

1

cos G(BOK )



Candidates / 0.05

3500

3000
2500
2000
1500
1000

500

Precision measurement of CP

violation in B® - J/PYK*K"™ decays

LHCb-PAPER-2014-059
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Resonances and CP violation in B°_ and §°S—>J/L|JK+K‘
decays in the mass region above the ¢$(1020)
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Measurements of CP violation in the three-
body phase space of charmless B* decays
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Motivation (Il)

Non-leptonic B decays provide:

* only way of understanding phenomenology of B
hadrons
— account for ~2/3 of decays

— constitute backgrounds to essentially all channels of
Interest
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Observation of B® - D*(51)",
B* - D™=(4m)** and B* - D*°(5m)*
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Motivation (llI)

Non-leptonic B decays provide:

* unique possibilities to understand QCD

- test models that can be used to predict branching fractions,
CP asymmetries, polarisations, etc.

- study resonant and nonresonant structures in multibody
decays

- measurements of the properties of hadrons, including new
discoveries (QCD exotics & conventional states)

— provide input for studies of (semi-)leptonic B decays
e e.g. discussions on Kt S-wave and charm loop effects in B —» Krtup
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Observation of J/Pp resonances consistent with
pentaquark states in A° - J/YK™p decays
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Dalitz plot analyses of B° - D"D°K*
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Experimentalists’ valuable time

All “B physics experiments” have broad physics programmes
— BaBar/Belle/Bellell, LHCb, CDF/DO/ATLAS/CMS

In BaBar, non-leptonic B decays covered in 6 out of 12 top level
working groups ®

— producing ~270 out of ~580 publications

In LHCDb, corresponding number is 4 out of 9 WGs

- and ~270 out of ~460 publications
* includes “b hadrons and quarkonia” WG (production as well as decays)
» there are more b hadron species to study compared to BaBar/Belle
» charmless hadronic B decays: BaBar 127 & LHCb 56 papers

*) Have counted photons as leptons, i.e. not including b - sy, etc.
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Experimentalists’ valuable time

 How do experimentalists choose which topics to
work on?

Personal interests

Encouragement from theorists

Follow the money (funding) — hot topics

Desire for career progression — citation hunting

20



What do you hope to achieve? And how does
this relate to the objectives of the theorists?
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Two-body decays

 Hope that we can measure all experimentally
accessible two-body (PP) decays

- Mostly done for B, —» h+h’- (h =, K, D, D)
« Rare B, modes (Dtt, DK) not yet searched for
- More challenging with light neutral particles

e Especially io,n,n’ < opportunities for Belle Il
e But also Kq
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Candidates / ( 5 MeV/c?)

Observation of the annihilation decay
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Three- & more-body decays

 Huge progress at LHCDb in
- B — Dhh (h = mt, K), work in progress on D*hh
- B — J/yhh, some progress also for n.hh and x.,hh
- B - VV, where both V - h+h-

« Work in progress on

- B - hhh

- B - K.hh (but no decay-time-dependent CPV yet)
« Still many more interesting modes to cover

- B — DDh (also interesting with one or two D*s)

- ... modes with T108
* needed to complete sum rule relations also for PV, VP & VV modes
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B factory
Dalitz plot analyses

K'K'K™
K'K'K
S
K'K_K
S S
KKK

S S S
Kt
KSn+n‘
Ko
Ksn+n°
b

o
e

PR D85 (2012) 112010
PR D85 (2012) 112010

PR D85 (2012) 112010
PR D85 (2012) 054023

PR D78 (2008) 012004
PR D80 (2009) 112001

PR D83 (2011) 112010
PR D96 (2017) 072001

PR D79 (2009) 072006
PR D88 (2013) 012003

PR D71 (2005) 092003
PR D82 (2010) 073011

No amplitude analysis

No amplitude analysis

PRL 96 (2006) 251803
PR D79 (2009) 072004

No amplitude analysis

No amplitude analysis

No amplitude analysis
PR D77 (2008) 072001

All modes with 0, 1 or 3 kaons (K*or K ) & 0 or 1 10’
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What do you expect will be the "legacy" of LHCDb
(and Belle 2) concerning non-leptonic B decay
studies?
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LHCDb & upgrade sensitivities

Table 28: Statistical sensitivities of the LHCh upgrade to key observables. For each observable the expected sensitivity is
given for the integrated luminosity accumulated by the end of LHC Run 1, by 2018 (assuming 5fh 7" recorded during Run
2} and for the LHCb Upgrade {.’]{]fl}_l}. An estimate of the theoretical uncertainty is also given — this and the potential
sources of systematic uncertainty are discussed in the text.

Type Observable LHC Bun 1 LHCL 2018 LHCb upgrade  Theory
B! mixing ds( BY — Ji) (rad) 0.050 0.025 0.009 ~ 0.003
du( BY — Jfib fo(980)) (rad) 0.068 0.035 0.012 ~ 0.01
AL(B%) (10-3) 2.8 1.4 0.5 0.03
Gluonic M (BY = o) (rad) 0.15 0.10 0.023 0.02
penguin ¢ BY = K*K*) (rad) 0.19 0.13 0.029 < .02
23N BY — oK) (rad) 0.30 0.20 0.04 0.02
Right-handed ¢=H(BY = o) 0.20 0.13 0.030 < (.01
currents (B! = ¢)/ T B 3.2% 0.8% 0.2%
Electroweak S3(B" = Kt 1 < ¢° < 6 GeV-/c?) 0.04 0.020 0.007 0.02
penguin g Arp(B" = K% u™) 10% 5% 1.9% ~ T%
A Kptp—: 1 < g? < 6GeV3 oY) 0.09 0.05 0.017 ~ (.02
B{BY = atptu~)/B(BT = Ktutu~) 14% T 2.4% ~ 10%
Higgs B(BY = putpu—) (1079) 1.0 0.5 0.19 0.3
penguin B(B" = utu ) /B(B! = ptu™) 220% 110% 40% ~ 5%
Unitarity ¥ B — DK 7° 4° 1.1° negligible
triangle 4(BY = DFK#) 17° 11° 2.4° negligible
angles A(BY = J/v K 1.7° 0.8° 0.31° negligible
Charm Ap(D" = KTK~) (107 3.4 2.2 0.5
CP violation AAdep {1{1_3} 0.8 0.5 0.12

Will not reach limiting theory uncertainty!




Given the motivation, the objectives and the
expected future impact of the experiments:

* What Is the status and the progress?

* What are the main obstacles and difficulties
that we face?

* Any exciting turnouts? New and smart ideas?
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Requests and guestions to theorists.
How can we improve the process by collaborating?
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