Experimental overview of hadronic B decays

Veronika Chobanova
University of Santiago de Compostela

Future Challenges in Non-Leptonic B Decays: Theory and Experiment
10 February 2016, Bad Honnef

DE COMPOSTELA

European Research Council

Veronika Chobanova Experimental overview of hadronic B decays Future Challenges in Non-Leptonic B Decays 1



Introduction

e B decays into two light charmless mesons

— can be used to constrain the unitarity triangle

— partially very sensitive to new physics, e.g. loop-dominated decays
e Physics accessed through

— branching fractions

— (time-dependent) CP asymmetries

— polarization fractions (B — VV)

— isospin analysis, e.g. ¢2(a) from B — hh with h=7,p
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Belle Il and LHCb upgrade

Outline

@ Belle Il and LHCb upgrade
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Belle Il and LHCb upgrade

The Belle Il experiment

o Belle Il is the successor of the Belle experiment at the assymetric-energy
e"e” KEKB collider, Japan

o Belle has the world record instantaneous peak luminosity of
2.1 x10* cm™%s7!

e Total luminosity of 0.7 ab™' collected at the T(4S) resonance at Belle
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Belle Il and LHCb upgrade

The Belle Il experiment

o Belle Il includes accelerator and detector upgrades

® 40 times the instant luminosity of Belle
50 times the integrated luminosity

o Accelerator based on the nano-beam technology

e LER-HER energies changed from 3.5 — 8 GeV to 4 — 7 GeV to reduce
Touschek effect and improve the emittance

o Boost reduced from 0.425 to 0.28 = B meson decay-time resolution worse

e New pixel vertex detector closer to the interaction point to compensate for
this effect, improves vertex resolution by ~ a factor of two

e Larger central drift chamber with smaller cells improves p resolution

e ARICH and iTOP detectors for particle identification with higher
performance and very fast read-out electronics

o New data aquisition system working at a much higher rate
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Belle Il and LHCb upgrade

The LHCb upgrade

® | HCb is a forward spectrometer with

Period Energy Int. lumi
acceptance2 < n <5
-1
® Operates at a fixed instantaneous Run | 2011-2012  7-8TeV  ~31fb
luminosity of 4 x 102 cm™2s7! Run Il 2015-2018 14 TeV > 5fb~!
® Luminosity to be increased to Upgrade ca. 10y 14 TeV > 50 1!

2 x 10® cm 257!

¢ TWO-LEVEL TRIGGER:
- LO hardware (12 — 1 MHz)
- HLT software ( 1 — 0.005 MHz)

TRACKING SYSTEM

VERTEX DETECTOR momentum resolution
Aplp = 0.4% — 0.6%

reconstruct vertices i - g Very good e(u)

decay time resolution: 46 fs Good e(h)

IP reconstruction: 20 um

COLLISIONS
@ 40 MHz

~12 MHz |
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INTERACTIONS £ DIPOLE MAGNET
(2012) s 4Tm
normal conducting,
regular polari
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Belle Il and LHCb upgrade

The LHCb upgrade

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

. . readout, high Er/Pr signatures
e Detector and trigger will be upgraded to be able to LIy

450 kiz 400 kHz 150 kHz
h* ely

fully exploit the available luminosity L

o Current Level-0 trigger will not be able to cope with
the higher output rate : :
— to be replaced by a software trigger with a faster e i et z
readout and a better (hadron) reconstruction efficiency (et eue e

ent reconstruction, select
displaced tracks/vertices and dimuons

of inclusive and exclusive triggers

e Current subdetectors cannot handle the high n.ﬁ?ﬁ:e
occupancy and some of them also the radiation _
— new Vertex Locator with improved acceptance, Upgrade trigger
better impact parameter resolution, can withstand the i =T

high radiation
— improved tracker and PID system (RICH,
calorimeters, muon system)

e To be installed by 2018-2019 o000t o o

Offline reconstruction tuned to
trigger time constraints

Mixture of exclusive and inclusive
selection algorithms
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b — sqq transitions

Outline

@® b — sqq transitions
Precise measurement of sin2¢; in b — cCs transitions
¢1 in B — PP and B — PV decays
B — VV decays
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b — sqq transitions

Precise measurement of sin 2¢)1 in b — cCs transitions

Outline

@® b — sqq transitions
Precise measurement of sin2¢; in b — cCs transitions
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b — sqq transitions

Precise measurement of sin 2¢)1 in b — cCs transitions

Precise measurement of sin2¢; in b — ccCs transitions

¢1(B) is the most precisely measured angle of the unitarity triangle

Current average: ¢1 = (22.6 + 0.4)° (CKMfitter)

BaBar 0.4ab~!  0.687 + 0.028(stat) + 0.012(syst) ~ PRD 79 072009 (2009)

Belle 0.7 ab~! 0.667 & 0.023(stat) + 0.012(syst) ~ PRL 108 171802 (2012)
LHCb 3 fb~1 0.731 4 0.035(stat) + 0.020(syst) ~ PRL 115 031601 (2015)
ALEPH 0.847082 (stat) + 0.16(syst) PL B492 259-274(2000)
CDF (full Run 1) 0.797%4} (stat-+syst) PRL 61 072005 (2000)
OPAL 3.2738 (stat) & 0.5(syst) EPJ C5 379-388 (1998)
Current average 0.710 £ 0.011 CKMfitter
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b — sqq transitions

Precise measurement of sin 2¢)1 in b — cCs transitions

sin2¢1 in b — cCs transitions
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e Most accurately measured in b — cCs transitions, such as B® — J/ng

e Access through Scp = sin2¢;1 (n = £1 for even/odd final state)
in the time-dependent CP asymmetry of CP final states

NB°—>J/ng - N§0—>J/w K2

acp(t) = = Acp cos(Amt) =+ ’I]SCP sin(Amt)

NB°—>J/ng - NEOHJ/'L!} K2
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b — sqq transitions

Precise measurement of sin 2¢)1 in b — cCs transitions

sin2¢1 in b — cCs transitions
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e Relatively large branching fraction — O(10™%)

e Theoretically clean — access through tree process, penguin contribution
very small, |sin2¢5" — sin2¢;| < 0.01 (arXiv:1212.4789)

...at least until now: Future Belle Il and LHCb precision expected to be of
the same order as the pengin pollution

= Penguin needs to be controlled, e.g. with modes such as B® — J/wﬂ'o
(PRL 95, 221804 (2005))
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b — sqq transitions

¢1 inB — PPand B — PV decays

Outline

@® b — sqq transitions

¢1 in B — PP and B — PV decays
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b — sqq transitions

¢1 inB — PPand B — PV decays

sin2¢7 in b — sqq transitions

w ?
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e Loop-dominated process, sensitive to contributions from new physics
e Loop sensitive to ¢1, just as in b — cCs
o Access to an “effective” ¢1, Scp = sin 2¢57, due to tree contributions

e Deviations of the CP parameters and the branching fractions from the SM
predictions could be a hint at new physics

o Theoretical uncertainties on branching fractions larger, CP parameters
provide a more accurate comparison
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b — sqq transitions

¢1 inB — PPand B — PV decays

sin2¢7 in b — sqq transitions

e Search for new physics in the channel-dependent observable
AS =sin2¢5" — sin2¢,

e Golden modes: B® — ¢K° B® — 1’K® and B® — KZKZKY

e (Almost) free from tree contributions

QCDf World average (HFAG)
B° — ¢K° 0.022199% 1 +0.0619 1}

B® — n'K° 0.00 4 0.01 2 —0.05 4 0.06

B — K2K2K2 0.067% %% 40.04 +0.19

e Statistical uncertainties still large to challenge the SM

LPRD 80, 114008 (2009)
2PRD 80, 114008 (2009)
3PRD 72, 094003 (2005)
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b — sqq transitions

¢1 inB — PPand B — PV decays
BO — anO

e B® — 1’K® - relatively high branching fraction, O(107°)
e Reconstruction of B> — K2 and B® — /K (same |Scp|)
/ or,+,.— ’ + - 014+ __—
n =ty 0 = nlyy,m T
Kf:’, —atrT, Kg — 707

Bb B KSR BEB o kY
Bt Ay e
s IS 2 Belle, JHEP 1410, 165 (2014)
o fo\ o

“F S ‘# IZ

2f o E Decay mode —&5Sy Ay

R IV 5 E B 5

At [ps] N At [ps] 7]’Kg +0.71 £0.07 +0.02 £0.05

s ++++++ fref— iKY +0.46 £ 0.21 +0.09 £ 0.14
5ol +++ 2, ’;[— 170 : 5
H 'K +0.68 £0.07£0.03 +0.03 £0.05£0.04

BaBar, 0.4 ab™?! Belle, 0.7 ab™ ! Belle Il, 50 ab™! Theory
PRD 79, 052003 (2009) JHEP 1410 165 (2014) estimate PRD 80, 114008
o(sin2¢™) 0.08 0.08 0.01 0.01
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b — sqq transitions

¢1 inB — PPand B — PV decays

BO — KO

)
¢ obtained directly from a Dalitz plot fit o
[0}
O]

e Reconstruction of B® — ¢[KTK|K[x 7]

e The current Belle results a four-fold ambiguity .

e Taking into account BES results for fxK2
contributions, the favoured solution is

s

¢ = (32.24£9.0(stat) £2.6(syst) = 1.4(DP))° o e et
- eff +0.09 MC st [GeVZc]
sin 297" = 0.907 71, )
s+ = (Pk+ + Po)

BaBar, 0.4 ab™! Belle, 0.6 ab~! Belle Il, 50 ab~ LHCb, 50 fb~* Theory

PRD 79, 052003 PRD 82, 073011 estimate estimate PRD 80, 114008
o (¢s™) 6.3° 9.5° 0.4° 0.6° 0.06°
o(sin2¢") 0.18 0.19 0.02 0.05 0.002 — 0.004
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b — sqq transitions

¢1 inB — PPand B — PV decays

AS at Belle Il

AS = Scp(b — sqq) — Scr(B — JpK2)

" A
gelle Guly 200 i CuperkEx® 502° )

New Physics
(SUSY GUT, Warped Extra Dimension,
String-inspired MSSM, ..}

AS Uncertainty

10 1 10 10
Integrated luminosity (@b™)

Belle 1l will be sensitive to a deviation as small as AS ~ 0.1
Refined analysis techniques and reduced systematic uncertainties could
further improve the sensitivity
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b — sqq transitions

¢1 inB — PPand B — PV decays

Other b — sqq

o Also other interesting modes, such as
7 K2 (/K p°K2, multi-body decay) — allow for direct ¢$*

measurement
7°K°® — a part of the “K-7 puzzle”
wk?

e B and Acp can provide additional information gbout NP contributions
e B and Acp of charged modes such as BT — n(VK*, BT — wK™ as well

. fT. . g
sin(2p™) = in(20i") EEED -, W
PRELIMINARY =-
f f Moriond 2014

b-sccs  World Average ] 0.68+0.02 PRELIMINARY
4,}(“ T Ave aé; ........................... . :7.4. g;; o Average P o1 ~o1a
WK Aveiage ] 0654606 nK®  Average e 0.05+0.04
Ks Ks Ks Avetage | 0724 0.19 Ks Ks Kg Average—+—— 024+0.14
©K  Aveiage | 0574017 ©K  Average — 001010
°Ks  Avefage | 0.54918 o’ Ks  Average +——*—+—— -0.06 +0.20
oKy Avefage | 071 +0.21 oKs  Average i -0.04+0.14
f,Ks  Avetage ! 0.69 1213 f,Ks  Average —— 0.14+0.12
KKK Avetage 068 155 K'K K Average e 0.06£0.08
0.2 0 0.2 0.4 0.6 0.8 1 06 04 02 0 0.2 0.4 0.6
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B — VV decays

Outline

@® b — sqq transitions

B — VV decays
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b — sqq transitions

B — VV decays

B,y — WV

Modes: B — ¢[KK]K*[K~], B — K*[Kx]w[37], B — K*[K7]p[27]
B — VV decays not CP eigenstates
For spin 1, three possible polarization amplitudes: Ag, A+ and A_
Usually analysis performed using parity-even and -odd amplitudes,
AL =(Ar£A)/V2
Major observables are

B(B — VV)

fh — |/4h|2 , h:07 H7J~
[Ao|? + A2 + |ALI?

[B — W) —TI(B— W)

rB — W)+I(B— W)
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b — sqq transitions

BY — ¢[KTK~]K*[K*7~] angular analysis

Sometimes not enough data, only fit
to (a subset of the) angular and/or
mass distributions

Extraction of f; in a full amplitude
analysis

e sensitive to A " 5
) o e only sensitive to |A|
e considers the contributing waves
e usually a two-body

e considers interference effects approximation

Veronika Chobanova

Parameter Definition Fitted value
fu 0.5(]Ao|?/Fp + [Ao|?/Fp) 0.497 +0.019 £ 0.015
fi 0.5(|A L2/ Fp + [AL]*/Fp) 0.221 £ 0.016 = 0.013
fs(Kr) 0.5(]AL72 + [ALT2) 0.143 £ 0.013 + 0.012
fs(KK) 0.5(|AKK 2 4 [A5 ") 0122 +0.013 £ 0.008
51 0.5(arg A, +arg A,) 2.633 + 0.062 + 0.037
5 0.5(arg A + arg AH) 2.562 + 0.069 + 0.040
bs(K) 0.5(arg AK™ + arg AL ") 2222 +0.063 + 0.081
s(KK) 0.5(arg AKX + arg AL ") 2481 +0.072 4 0.048
AGP (|Ao[*/Fp = [Ao|*/Fp) /(| Aol*/ Fp + @\2/@,) —0.003 4 0.038 4 0.005
AP (|ALI?/Fp — AL /F,)/ |AL[?/Fp +[AL]?/Fp) +0.047 £ 0.074 + 0.009
As(Km)°F - [Ag | V(AR + [ALT) +0.073 = 0.091 £ 0.035
As(KK)°P A5/ ABK 2 4 7352 ~0.209 4 0.105 + 0.012
o 0.5(arg A, —arg A,) +0.062 % 0.062 £ 0.005
5" 0.5(arg A — arg AH) +0.045 4 0.069 £ 0.015
Os(Km)P 0.5(arg AL™ — arg AS ) +0.062 = 0.062 = 0.022
Ss(KK)P 0.5(arg ALK — arg ) +0.022 + 0.072 + 0.004

LHCb, JHEP 1405, 069 (2014)
Experimental overview of hadronic B decays Future Challenges in Non-Leptonic B Decays
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B — VV decays

BY — ¢[KTK~]K*[K*7~] angular analysis

LHCb, JHEP 1405, 069 (2014) —

Veronika Chobanova
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b — sqq transitions

B — VV decays

B,y — VV:

fi

“Naive” expectationinB — Wisfy =f ~ 1
f, experimental precision at the level of 0.01 at Belle Il and LHCb with 50 fb— !

QCDf*

pQCD®

BaBar®

value & stat 4 syst

Belle”

value =+ stat & syst

LHCb (1fb—1)8

value = stat =+ syst

¢K*0
K>t
K*0w
K*tw
K*OPO
K*+p7
K*F 0
K*0 )t

0.0410.51
0-507¢ 670,42
0.49-0,04+0.51

e L
gt O
gt X
e L

77 —0.04—0.40

0.82(0.74
0.81(0.73
0.74(0.68
0.78(0.71
0.85(0.78
0.82(0.76

0.49 +0.03 £ 0.01
0.49 £+ 0.05 £ 0.03
0.72 + 0.14 4+ 0.02
0.41 +0.18 +0.05
0.40 + 0.08 = 0.11
0.38 +0.13 +0.03
0.78 +0.12 +0.03
0.52 + 0.10 = 0.04

0.50 = 0.03 £ 0.02

0.52 % 0.08 £ 0.03
+0.18

0.56 £ 0.201018

+0.05
0.43 £ 0.117%%

0.50 = 0.02 £ 0.02

in progress

4 PRD 80, 114008 (2009). Errors from varying (i) Gegenbauer moments,

decay constants,

quark masses, form factors, the A\g parameter for the B meson wave function, and (ii) pa,H, ¢a,H
> PRD 73, 014011 (2006); PRD 73, 014024 (2006); PRD 72, 054015 (2005); PRD 73, 114014

(2006). Number in parenthesis asymptotic wave function

5Top to bottom: PRD 78, 092008 (2008); PRL 99, 201802 (2007); PRD 79, 052005 (2009)
(both K*w); PRD 85, 072005 (2012)(both neutral K*p); PRD 83, 051101 (2010); PRL 97,
201801 (2006)

"Top to bottom: PRD 88, 072004 (2013); PRL 94, 221804 (2005); PRL 101, 231801 (2008);
PRL 101, 231801 (2008); PRL 95, 141801 (2005)

8 JHEP 1405, 069 (2014); analysis with 3 fb~! ongoing

Experimental overview of hadronic B decays Future Challenges in Non-Leptonic B Decays
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b — sqq transitions

B — VV decays

B,y — V: B

Branching fraction at the B factories Branching fraction at LHCb

Nsig
Nggen
e: reconstruction efficiency from MC
n: data-MC eff. correction factor

B=

€norm frorm Nsig
B = Bnorm e

€sig fu/ d/s Nrnorm
Number of B mesons not known
= hence normalisation channel needed
Ngig: signal yield e: data-corrected reconstruction eff.

— . p+ .
Ngg: total number of produced BB fuast B /B3/B2 production prob.
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b — sqq transitions

B — VV decays

B,y — V: B

Qcprt pQCD® BaBar® Belle'® LHCb (1 fb~3)
value & stat 4+ syst  value & stat 4+ syst  value & stat & syst
K0 9.511:3r11-2 9.7+ 0.5+ 0.6 10.4+£05+0.6  in progress?
K>+ 10.0f54H22 1m2+10+09 6772407 -
K*0w 25104725 9.6(6.6) 2.2+0.6+0.2 1.8£0.71G% -
K*Fw 3.010425 7955 <74 - -
K*0p0 46705535 59(4.7) 5140605 21748109, -
K*tp~ 8.9 L4 B 13(9.8) 103+23+1.3 - -
K*+p0 557063 9(6.4) 4.6+1.040.4 - -
K*0pt 9.274213.6, 17(13) 9.6+1.7+15 - -

9Top to bottom: PRL 98 051801 (2007); PRL 99, 201802 (2007); PRD 79, 052005 (2009)
(both K*w); PRD 85, 072005 (2012) (both neutral K*p); PRD 83, 051101 (2010); PRL 97,

201801 (2006)

0Top to bottom: PRL 91, 201801 (2003); PRL 91, 201801 (2003); PRL 101, 231801 (2008);
PRD 80, 051103 (2009)

Veronika Chobanova
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b — sqq transitions

B — VV decays

B.g — VV: acp

B%p — w)
B%(p — w)

acp may be significant due to
both a (suppressed) tree ampli-
tude contribution and a p — w
interplay

PRD 84, 096013 (2011)

sl b b b b 1y

650 700 750 800 850 900
s [MeV]
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b — sqq transitions

B — VV decays

B.g — VV: acp

Qcpf* BaBar!! Belle!? LHCb (1fb—1)13
value = stat =+ syst value = stat =+ syst value = stat 4 syst

PK*O 0.8740:4 1£6+3 —0.7+48+21 ~1.5+32+10
PK*T 0.05 0+9+4 —24+14+£3 -
K*0w 56151, 45+ 25 42 - -
K*Fw 23T 2943542 - -
K*0 50 715t48+—1(154 —6+9+2 - in progress
K*Fp~ 322, 2141542 - -
K*+p0 43762 44 £1079, -
K*0pt —0.37472 14+16+2 - -

17op to bottom: PRD 78, 092008 (2008); PRL 99, 201802 (2007); PRD 79, 052005 (2009)
(both K*w); PRD 85, 072005 (2012) (both neutral K*p); PRD 83, 051101 (2010); PRL 97,
201801 (2006)

2Top to bottom: PRD 88, 072004 (2013); PRL 94, 221804 (2005)

13JHEP 1405, 069 (2014)
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b — sqq transitions

B — VV decays

B — ¢¢

BY — ¢¢ is a pure penguin mode; particularly sensitive to new physics

CP-violating phase ¢ accesssible through a time-dependent measurement

Belle Il time resolution does not allow for a time-dependent analysis due
to the fast oscillation of B?

U(t)LHCb ~ 40 fs <« TBE ~ 360 fs ~ O'(t)BelleII

Theoretical prediction in b — sss decays |¢°°| < 0.02 rad (QCDf)

CDF LHCb 1 fb— 1 LHCb 3 fb— ! LHCb 50 fb~ 1
PRL 107, 261802 (2011) PL B713, 369 (2012)  PRD 90 052011 (2014)
value = stat 4 syst value & stat 4 syst value = stat 4 syst

f(BY — ¢¢) 0.365 & 0.044 £ 0.027 0.201 & 0.024 % 0.010 - -
#s(BY — ¢9) - - —0.174+0.15+£0.03  +0.03
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Outline

© b — dqg transitions
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b — dqq transitions

B,y — KK
w
b \%d d o e B — KK a b — dqg-dominated penguin
50 g s transition
s o e Assuming t quark dominance in the loop,
d ak decay amplitude phase cancels the mixing
phase
o KKgSepvsCo, T = Ap=8cp =0
s : | BaBar | e However, u or c contribution or new
o physics effects could lead to deviations
] from zero

o Experimental uncertainties still very large

o BaBar result outside of physical region,
does not allow for straightforward
interpretation

-12 -08 -04 0 04 08 1.2

Gontours give -2A(I L) - &¢° -1, carresponding to 60.7% CL for 2 dof
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b — dqq transitions

B —s KOK®

e B? — K°K? interesting due to its large branching fraction
e Predicted in the region (16 — 27) x 107°
e Belle result based on 121.4 fb™* (arXiv:1512.02145)
B(B? — K°K®) = (19.6%38 (stat) + 1.0(syst) + 2.0(Ngogo)) X 107°
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B® — K*%K*0 and B? — K*OK*0

e B — K*%K*0 and B? — K*°K*? related through U-spin symmetry

e Polarization fraction of BY — K*°K*? surprisingly low

e Good prospects for a precise measurement of B — K*°K*® at LHCb
ongoing analysis with 3 fb™! for both channels
expected precision at 50 fb~! for ¢ is 0.02

BaBar 0.35 ab— ! QCDf QCDf (+¢K™ exp)

PRL 100 081801 (2008) Nucl.Phys. B774 64 (2007) Nucl.Phys. B774 64 (2007)
value & stat & syst

+0.10 +0.01+0.34 +0.01+40.16
a0~ T oo 8t i
B(107°) 1.287;%, £0.11 0.6751 03 0.6751 0
BY — K*0K*0 LHCb 1 fb— 1! QCDf QCDf (+¢K* exp)
arXiv:1503.05362v2 Nucl.Phys. B774 64 (2007)  Nucl.Phys. B774 64 (2007)
value = stat =+ syst
fl 0.201 = 0.057 = 0.040 0.6370% 0.7215%
—6 +0.5+11.3 +0.4+4.3
B(107°) 10.6 1.8 £ 1.0 £ 0.6(f/fy) 9.17%5HE-3 7.97Q 4.3
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Outline

O b — uud transitions
B — 7 isospin analysis
B — pp isospin analysis
Combined result for ¢
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B — v isospin analysis

Outline

O b — uud transitions
B — 7 isospin analysis
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B — v isospin analysis

Measurement of ¢, in a B — 7 isospin analysis

w
V;d u _ B
L n* b : e d
W d Vio Vyd u n*
_ ¢ . g
b u B
B° Vo b u 3
d d d d "

o Tree process sensitive to ¢2, Scp = sin 2¢»

e Due to penguin pollution, measurement of an effective ¢»
o SCP =4/1- 'A2CP sin(2q§2 - 2A¢2)
e Can recover ¢, with an SU(2) isospin analysis (PRL 65, 3381 (1990))

Using isospin, the set of B — 777, w 7%, 7%%°, decays obey the

amplitude relations

Ao = £A+— +Aw, A= %/&— + Aoo
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b — uud transitions

B — v isospin analysis

Measurement of ¢, in a B — 7 isospin analysis

Ao = %AJF— +Aw, A_o= %/ZH— + Aoo

Express as triangles with A o = A_g in the limit of neglecting isospin breaking

Triangles can flip around Ao = Ao

= 4-fold ambiguity in 2A¢»
Scp = /1 — A%y sin(262 — 2A¢3)

= 2-fold ambiguity of ¢, in measured Scp
Therefore, 8-fold ambiguity in ¢

Triangles and ¢ constrained from 6 physical observables
B(xtn™), B(n’x®), B(rt=°)
Acp(nn7), Scp(rtn™), Acp(n®n°)
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b — uud transitions

B — v isospin analysis

Measurement of ¢, in a B — 7 isospin analysis

B(1076 B —» ntm™ BY — #0x0 Bt — nt a0
value £ stat & syst value £ stat 4 syst value £ stat £ syst
BaBarl* 5.5+ 0.4+0.3 1.834+0.21 +0.13 5.5+ 0.46
Belle 0.25 ab— 115 - 2.327440:2, -
Belle 0.7 ab— 1% 5,04 +0.21 4 0.18 0.90 + 0.12 + 0.10 5.86 + 0.29
CDFY7 5.024+0.33+0.35 - -

18 +1.4+0.5 +1.8—0.6
CLEO 45714103, < 4.4 46758700
LHCb!® 5.08 4+ 0.17 + 0.37 - -

+0.4+0.7 +1.0+0.7 +2.2+41.4
QCDf“5 7.01(9_77_0_7 1.1_+00_45_0_3 549:31_41_1_1
pQCD 6.57% 7 0.29775% 4.053%

4| eft to right: PRD 75, 012008 (2007); PRD 87, 052009 (2013); PRD76, 091102 (2007)
1SPRL 94, 181803 (2005)

6] eft to right: PRD 87, 031103 (2013); preliminary; PRD 87, 031103 (2013)

PRL 106, 181802 (2011)

18 eft to right: PRD 68, 052002 (2003); PRD 68, 052002 (2003); PRD 68, 052002 (2003)
1 JHEP 1210, 037 (2012)
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B — v isospin analysis

Measurement of ¢, in a B — 7m isospin analysis

B® — n0x0

value =+ stat & syst

BaBar?
Belle 0.25 ab— 1%
Belle 0.7 ab™1¢

+43£26 £ 5
+53

+441% £ 17

~38+36+3

?PRD 87, 052009 (2013)
bPRL 94,181803 (2005)

“preliminary

Veronika Chobanova

CP Moriond 2014

CCF PRELIMINARY
- : . .
0 ~BaBar
77/ Belle
LHCb
B4 Average |
-0.6 A
08F -
. . . .
-0.8 -0.6 -0.4 -0.2 0

. Sop
Gontours give -24(In L) = Ax® = 1, corresponding to 60.7% GL for 2 dof
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b — uud transitions

B — v isospin analysis

Measurement of ¢, in a B — 7m isospin analysis

p-value p-value

T T T 1.0 T 1.0
F 0.9 1 Hos
whb B e
[ . . . 08 1 [Hos
a /N2 S a®
o[ : 07 sk oy = ] Hos
- 06 - 06
E E
8 o 05 & ol 05
E E
- 0.4 - 0.4
05— 03 s 7 Fos
[ 02 [ 1 Bo2
ao0f BT 3
Fsu) :aW2+a"=1 01 Fsu@):a/v2+a®=1 N
I I 1 I 0.0 L 1 1 I I I 1 oo
-1.0 0.5 0.0 05 10 -1.0 0.5 0.0 05 10
Re(@,.) Re(a_)

o One triangle happens to be flat = four solutions

e To resolve the ambiguity
Measurement of Scp(m°n°), intended at Belle 1l with converted photons
Measurement of B — pp, B — p7

e BaBar 71° < ¢y < 109°, 68% CL
Belle 23.8° < ¢, < 66.8°, 68% CL
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B — pp isospin analysis

Outline

O b — uud transitions

B — pp isospin analysis
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b — uud transitions

B — pp isospin analysis

Measurement of ¢2 in a B — pp isospin analysis

e In an analogous way to the 77 system, isospin analysis in B — pp

e Analysis can be performed in each polarization component, longitudinal
preferred due to higher fraction

B = pTp~ BY — p%° BT — ptpl

value = stat & syst value =+ stat & syst value & stat =+ syst
BaBar? 0.992 + 0.0247G,%% 0.757% 1L +0.06 0.95 £ 0.015 % 0.006
Belle?! 0.988 £0.012£0.023  0.2174% +0.15 0.95+0.11 £ 0.2
LHCb(3 fb—1)?2 - O.745t%%4588 4+ 0.034 in progress

+0.01+0.01 +0.03+-0.06 +0.01+0.02

QCDf4 0'9270.0270.02 0'9270.0470.37 0‘9670.0170.02
pQCD® - 0.78 N

o Longitudinal polarization fraction closer to the naive expectation of 1

e Tension in the p°° mode between BaBar and Belle

20| eft to right: PRD 76, 052007 (2007); PRD 78, 071104 (2008); PRL 102, 141802 (2009)
2 eft to right: arXiv:1510.01245; PRD 89, 072008 (2014); PRL 91, 221801 (2003)
22p|B 747, 468-478 (2015)
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b — uud transitions

B — pp isospin analysis

B — pp isospin analysis

BO - ptp BO — p0p0 Bt — ptp0

value = stat = syst value &+ stat &+ syst = BF  value + stat + syst

BaBar®® 255+2173% 09240324014 237+ 14414
Belle?* 28.3+15+£1.5 1.0240.30+0.15 317 £7138
LHCb(3 fb~1)?5 - 0.94 4 0.17 # 0.09 4 0.06 in progress

+1.5+2.4 +1.5+1.1 +4.0+2.0
QCDfA&s 2554:225'6371’5 0'9101'4150‘2 20'OJ:115‘9070‘9
PQCD 25.312%3 0.027%40 16.0112

23 eft to right: PRD 76, 052007 (2007); PRD 78, 071104 (2008); PRL 102, 141802 (2009)
2 Left to right: arXiv:1510.01245; PRD 89, 072008 (2014); PRL 91, 221801 (2003)
PLB 747, 468-478 (2015)
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B — pp isospin analysis

Measurement of ¢2 in a B — pp isospin analysis

PP Scp Vs Cep &

CCF PRELIMINARY
. BaBar
04 - 77/ Belle
E# Average
B0 — p0p0
BaBar? 20 + 80 + 30
+17+14
QCDf 30t
pQCD 80

PRD 78, 071104 (2008)

I L I
-0.4 -0.2 0 0.2 0.4

(o
Gontours give -24(In L) = Ax® = 1, corresponding to 60.7% GL for 2 dof
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B — pp isospin analysis

Measurement of ¢2 in a B — pp isospin analysis

value value

Va0 Pvaleo
09 09

b a1 b
08 ) 08

ar/l2” - a /e .
0s 5o/ . 07 osk oo/ 07
~ i " 0.6 —_ 4 0.6
= 3

8 o[ 05 8 ool 05

E [ \ E L
{ 0.4 0.4
hadn O : 03 e N » 7 Hos
0.2 | ] 0.2

a0 ok 3
SU@) a2+ a® =1 01 fsu@):anz+a"=1 1 e
L | . 00 | L . | 00
40 05 o0 os 40 05 o0 o5 10
Re(a,) Re(a,)

e Both triangles flat = A¢, = 0 = two solutions

e ¢ > 90° favoured from SU(3) symmetry considerations
BaBar ¢, = (92.47%%)°
Belle ¢ = (93.7 £10.6)° (preliminary)
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Combined result for ¢o

Outline

O b — uud transitions

Combined result for ¢
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b — uud transitions

Combined result for ¢o

¢ from B — prr

e A (challenging) time-dependent Dalitz analysis of B — p7 can further
constrain ¢»

e Study performed by BaBar and by Belle

e BaBar scan of ¢, unstable

e For the moment, no real constraint from B — pm

i Y cL=683%
APRL 98, 221602 (2007
‘ ‘

0 30 60 90 120 150 180
@, (degrees)

Figure: Dotted and solid curves correspond to the result from the TDPA only and that
from the TDPA and an isospin (pentagon) combined analysis, respectively.
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— uud transitions

Combined result for ¢o

Combined result for ¢»

nr/pp/pn (BABAR) ==+ B—pp (WA) 3 Combined
eis = --- wu/pp/pn (Belle) e CKM fit e --- B (WA) —— CKM fit
3 nr/pp/pr (WA) B—pn (WA)
10 T T T T T T T T 10 T AR

L

p-value
p-value

40 60 :Eﬂ‘v 100
o, (deg)

¢a[fit] = (90.6779)°

Belle 1l expected to push the precision of ¢ down to 1° (combining all modes)
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Summary and outlook

e |Loop-dominated b — sqq and b — dqq transitions potentially sensitive to
new physics effects

e CP violation observed or evidence found in certain b — sqq modes

o Current experimental precision not enough to challenge the SM, but good
prospects for a precise measurement at Belle Il and LHCb

e Theoretical uncertainties, especially on the branching fractions, also large

e Good prospects for a precise measurement of the angle ¢, at Belle Il and
LHCb

Combined uncertainty expected to be below 1°
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b — uud transitions

Thank you for your attention!

Veronika Chobanova Experimental overview of hadronic B decays Future Challenges in Non-Leptonic B Decays 50



	Belle II and LHCb upgrade
	b->sqq transitions
	Precise measurement of sin2phi1 in b->css transitions
	phi1 in B->PP and B->PV decays
	B->VV decays

	b->dqq transitions
	b->uud transitions
	B–>pipi isospin analysis
	B–>rhorho isospin analysis
	Combined result for phi2


