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> CPV appears when there are two competitive contributions:
A = qe!01te1) o g i(02t¢2) A — alei(él—gbl) 4 a26i(62—¢2)
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> Additional weak phase through mixing

> QCD plays an important role in the game




Two body charmless B decays

> Main contributions for B’>K*K- and Bs—n*m-, m'1%: PA/E processes, very
rare decay; two charged modes have been found by LHCDb recently
PRL 118 (2017) 081801, JHEP 10 (2012) 037

> While Bs— K%, 77 not observed yet, other decay modes are extensively
studied by B factories and LHCb

> B—nrr system: extract CKM angle o through Isospin relationship
arXiv:1705.02981

> B—nm, Bs— K"K system: extract CKM angle y and 2f3s through U-spin and

U-Spln + ISOSplIl analyses PLB 741 (2015) 1 and references therein

> Recently, Belle has updated the Branching fraction and Acp measurements
on B'—7%7% and LHCb on B’—>n*m and Bs—K'K-



Measurements on B°—7°7° from Belle

> Measurements with 752 x 106 BB (693 fb™!) to replace previous results;
Time-integrated measurements; initial flavor from the other B
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arXiv: 1705.02083

Continuum background
Signal

B*—p*n? and others
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Results from B°—7r°r°

B(B° — n°x°) = (1.31 +£0.19 + 0.18) x 10~°

arXiv: 1705.02083

Acp = +0.14 £ 0.36 4= 0.12

Some recent Predictions:
Br(B®— n%2°) =[0.23750% (wp,) o0s (F5) 003 (%)) x 1076, PRD 90 (2014) 014029
BBy — 7°7%)|pyc = (o.gsfg;;*‘}) x 1076, PLB 749 (2015) 422
Br(B°(B%) — #°2°%) = (1.1713;) x 107S. PRD 95 (2017) 034023

Measured values lower and predicted values higher, though still have tensions

a excluded at 95% for [15.5°, 75°] + Belle results on B'—mtr
0_; _ and B*—mtr!
0.8:-'
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- and B.—KK measurements from LHCb

LHCb-CONF-2016-018
> Time-dependent analysis with 3 fb-! data;
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> Production asymmetries of Bq(s) determined from Bqgs)— K
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Time dependent asymmetries

LHCb-CONF-2016-018
> Amgqcs), Al'as) and I'q(s) fixed from measured values
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> B)— K used for calibration channels of flavor tagging
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0
Results from B —nr and B.—~KK measurements

Cer

LHCb-CONF-2016-018 I

Crtnr- = —0.2440.07 £ 0.01,
Sptn- = —0.68+0.06+0.01,
Cx+x- = 0.2440.06+0.02, 3.60
Sk+r- = 0.22+0.06 +0.02, 330
ASL = 0.754+0.07+0.11,
Evidence of CPV for B; mode at 4.60

+ -
T T SCPVS CCP

-0.8 -0.6

Contours give -2A(In L) = Ax2 =1, corresponding to 39.3% CL for 2 dof

-0.4 -0.2 0

Scp

arXiv:1612.07233
> Recent updates into paper ongoing (3 fb!):

BDT selections re-optimized to gain more statistic power

Adding SS flavor taggers



Three body charmless B decays

> Three body Bacs) charmless decays involve one or more neutral final state (71° or
Kj): extensively studied by B factories with limited statistics; 7% mode hard for
LHCD but not fully impossible

> Three body B-charmless decays with charged final states much easier
experimentally; increasing interests after LHCb’s CPV measurements over Dalitz

plot
PRD 90, 112004 (2014)
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Resonant effect over Dalitz plot

> Full version of Acrin slide 3 (also including angular distributions)

A _ ‘A‘z — ‘14:1‘2 _ 2a1a2h1 (H)hg(H) Sin(51 — 52) Siﬂ(¢1 — q52)
“r [A]2 +1A]2 a?h(0) + a2h5(0) + 2a1a2h1(0)ha(0) cos(d1 — d2) cos(Ppr — ¢o
0 : helicity angle h(0) : angular distribution of resonance
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Invariant mass
> 180° phase changing for Breit-Wigner =» CPYV sign flip

> CPYV sign flip when different wave (S-P, S-D, P-D etc) components interference
11



An Example: P-S interference

B ‘A‘Q — ’A|2 B 2a1a2h1 (6’)h2(6’) SiIl((Sl — 52) Sin(q51 — ¢2)
‘A‘Q —+ |A|2 a%h%(@) + a%h%(@) —+ 2a1a2h1 (6’)h2(6’) COS(51 — 52) COS(¢1 — qbg)
. PRD 90, 112004 (2014)
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Amplitude analysis of B=»nrr from LHCb

o ?<|1'(')3' N S L L e e e e e e e e | LI
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% 2.5;_ ..... Bt 112004 (2014) for
(2 2: -+ Combinatorial Instruction

) [ i ]

S 15} R

3 1 -

< SN N - O |

'F-g 05 il B+

= O:»; L e ]

O 5 1 52 53 54 55

m() [GeV/c?] m(t) [GeV/e?]

> RUN 1 LHCDb data: ~21K signals with 4.4K background vs Babar: 1219 signals
with 2.3K background

N
W

> Resonant contributions:

p-o, 10(500), £o(980) region: S-P wave
interference
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nr S-wave description

> General agreed descriptions (RBW, GS) for 7t P- and D-waves;

> More complicated 7t S-wave, modeled in three different approaches:

> [sobar model: different S-wave contributions are explicitly modeled:

fo(500): RBW, complex pole parameterization T, (mys3) =

m2 — m2.’
f0(980): Flatte parametrization o 13

PRD 71 (2005) 054030
non-resonant: flat, Belle model, re-scattering model ete

nr

a .
snr
—Qpr 2 oTT — Qi 2 5nT T m — e’L
Tn’r‘(m13;m23) — C'n,’l“(e < m1362 1 4e€ @ m2362 2 )7 'n,’r( 13) 1 14 m_%?)
A2
PRL 96 (2006) 251803 arXiv:hep-ph/1506.08332

> K-Matrix approach: 5 poles and 5 decay channels; parameters from global

fit to previous data while production vector parameters from fit to data
EPJA 16 (2003) 229

> Model independent approach (QMI): 7 S-wave binned into 13 bins;
amplitudes in each bin obtained from fit to data (26 free parameters)

14



S

nmt S-wave from data

Very preliminary, un-official results
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Similar pictures between different models over broad range
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CPV modeling and results

> Amplitude over Dalitz plot will be expressed as: ci w.r.t. p(770)

A — A(mma,)u mln Z C] max7 mm) ) With Cz’ — («CE?, + sz) + Z(yz + Ayz)
¢ = (z;i — Aw;) +1(yi — Ayi)

|
]

A( max’ mln Z CJ max7 mln) :

> Results on ci, Acp and fit fractions will be given

T 0y + Y Oy

Acp = —2
& z? + 62 + 42 + 5

)

> A fit example of p-® region

i : B+
i B- o« e
, Very preliminary,
: ' ; . un-official results
t bt } 4 :
0.5 1
m2, . [GeV?/c*] m2,_. [GeV?%/c]

CosO<0 w6 CosO>0 0 : helicity angle



Measurements with B=>KKr

> Previous LHCDb Acp measurement with 6K signals:

Yield/(0.1 GeV/c?)

PRD 90, 112004 (2014) arXiv:1705.02640
@ S0 T rT o - S02[
2 0 _L#—ICb (B). -
> - —— E
b f +—-13 e
m-100f —~+1- : il
150F E o4l
200F 3 osl
250 F ++ E Belle
ol . 2.5 S T T S - 0.8#
0.8 1 12 14 16 1.8 0.8 1 12 14 16 1.8 .
m(K'K) [GeV/c?] m(K'K ") [GeV/c?] -1 11'52'2'5;'3'5"14'55"
My (GeV/cY)

> Belle join the game recently with around 660 signal events: results consistent
with LHCb arXiv:1705.02640

> LHCD is also working on amplitude analysis; reasonable fit has already achieved
K resonances: K*(800), K*(892), Ko"(1430)
KK resonances: fo(980), fo(1370), f2(1270), p°(1450), possible P-wave contribution

Alternative models also tried: like rescattering model for KK S-wave

PRD 92 (2015) 054010, PRD 71 (2005) 074016
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Branching fraction updates for Bys—>Kshh'"’

JHEP 10 (2013) 143
> Previous LHCb measurements with 1 fb-! data observes Bs— KK, Ksmm

and confirms B — KK

arXiv:1707.01665
> Updates performed with full Run 1 data, aiming at finding B;— K;KK;

though a bit unlucky, only 2.5¢ significance

Decay outside/inside VELO

> Measurements normalized to B"— K7 channel 2766+66 1411245
stat. sys. normalization
BB K°K*r¥) = (61+£05+07+03)x10°%, | 261£24  160+17
B(B°— K0K+K ) = (27.24+09+1.6+1.1)x107°, 1133439 685429
B(BY — ™) = (95+1.3+15+04)x107°, 146+19 7411
B(B°— K’OKi F) = (84.3+£35+744+34)x107%, | 1100+41 56828
B(B?— K'KTK™) € [04—25]x107° at 90% C.L., 1246 7+4

> Dalitz-plot analyses of B'—> K, KKK and Bs—K;Km underway

18



CPV in charmless baryon decays

> Similar as B mode, only direct CPV in baryon sector expected

> Two body charmless baryon decays have small Br; only one CPV measurement
from CDF where no clear CPV found; Potential large CPV expected in b—suu and

b—duu PRL113 (2014) 242001, PRD 91 (2015) 116007

> Several CPV measurements have been performed on three body charmless
baryon decays by LHCb and no clear CPV found
JHEP 04 (2014) 087, JHEP 05 (2016) 08, PLB 759 (2016) 282

> CPV measurements in baryon sectors limited by statistics; Unlike meson decays,
baryon decays tend to have larger Br for final states with more tracks (4 body > 3
body > 2 body); rich resonant interference and strong phase variation over phase
space offer larger chance to have large CPV and interesting CPV pattern

> CPV measurement in four body baryon decays can be performed either
similarly as those for B—hhh (ongoing) or using technics like triple product;
ultimate procedure is full amplitude analysis

19



CPV in Ab—>pnhh decays from LHCb

i LHCb

------------
PRL

—Full f1t
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> Phase space integrated CPV:
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CP violation
observable

P-violating
observable

Nature Physics 13 (2017) 391

prmtit: 6.6K signals
pKnm: 1Kk signals
VA
three body decays: less
than 1K signals

__ N(C4#>0)—N(C#<0)
AT(CT) - N((1:>())+N((,‘:<()) , for A
— /7~ \_ N(=C;:>0)—N(—-C:<0) —0
Ap(Cr) =5 T, S0 N(—Cp<0) 0 O Ay
ap 9% = (=3.71 4 1.45 £ 0.32)%
T—odd _
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Asymmetries [%]

CPV in different regions
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First evidence for CPV with 3.3¢
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Search for =, 2p—phh¥)

> Decays interesting CPV measurement from P and T interference
PRL 118 (2017) 071801
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> Interesting resonant structures over m(pK) and amplitude analysis with Run 2

data is planned
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Baryonic B decays

PRL 88 (2002) 181803
> First baryonic B decay (ppK) has been observed in 2002 by B factories

> First CPV evidence seen in 2013 by LHCDb also in ppK decay pri 113 (2014) 141801

> More interesting baryonic B decays found recently, potential place for CPV

studies  pgry, 119 2017) 041802

100 __ —— Total fit i | . i . . —

2
8
i

| esmsm BO — pZﬂ-_

Ve
N
& D ND N Dat ]
- —— BY— pAK~ ~ e Data < - e Data :
= s0 b o B g > 160E e 2 250 LHCb —Total fit
_0 _
E L B> pX'K > 140 > -y
o i Comb. bkg. ®© 120 o 200
\am N — L
= 0 ~ 100 = 150F
» ~ 150 |
- 40 ‘g 80 § C
O l [ 2 60 S 100
+~ L ho) ol [
ay] = 40 = -
= 20 SVt b N 8 50
o 20 @) 5 Ik, 2~
= 0t
@,

0 ob—1L . . I P T St R PR R P Pyt ST B IE Lr Y DU S S S
5200 5300 5400 5500 5200 5300 5400 5500
4900 5000 5100 5200 5?£0 5400 5500 5600 m(ppKK) [MeV/c?] m(pprr) [MeV/c?]
m(pAK~) [MeV/c?]
~~ o I i | ! ! i ! I
@ 25F % 700 - Data
% - LHCb e Data . E 600 E — Total fit B —_— hh (,)
- — 7 7 e A - o
> 20¢ o ] & 500 P PP
(@) C s pp 7] N s
N Comb. bkg. =— - ~ 400
~ 15 | -] w2 .
: b Bs—pp P arXiv:1704.08497
5 10F + - S 200
B E . 5
= s +_— O 100 A R n i
O N + o i E ] . L _.-__.L A o1
C ] + '+' +\+ 05200 5300 5400 5500
0 Pt et | PR | o

T T N X .
5100 5200 5300 5400 5500 m(ppK ) [MeV/c?]
m(pp) [MeV/c?]

23



Conclusion

> Many interesting CPV measurements/searches have been performed by
LHCDb (Run 1 data) and B factories

> Already put useful information in determining CKM angle precisely and in
constraining new physics

> More new/interesting results are in the pipeline from LHCDb (including Run
2 data) and from Belle (Belle II soon)

> Stay tuned!!!

Many Thanks
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Measurement on Bs—¢¢p
PRD 90 (2014) 052011

> Bs—@¢P decay dominated by b—sss penguin contribution: no large direct
CPV expected; weak phase from mixing and decay cancels =¥ excellent place for

new physics search

> Time dependent amplitude analysis performed with 3 fb-! LHCDb data

> Using 4000 signal events, the CPV phase is measured to be
¢s = —0.17 £ 0.15 (stat) £ 0.03 (syst) rad

> Triple-product asymmetries offered complementary information; the
measurement is consistent with CP conservation

I'U>0)—I'(U <0 . : A A N

Ay = EU S Oi EU - 0; U = sin ¢ cos ¢ sin® = (M, X My,) - Py,
4, = L(V>0)—T({V <0) U — sin(+ + for cos 6 cosfy > 0
T TV >0 +I(V<0) = sin(+¢) - for cos@cosf, <0

Ay = —0.017 £ 0.017 (stat) £ 0.006 (syst) Ay = —0.003 £ 0.017 (stat) 4+ 0.006 (syst)

> Updates with RUN1 + 2015 + 2016 data ongoing and at least twice signal

expected
25



Other recent studies in B;.—¢$X sector by LHCb

> Search on Bs—¢n'(ry) performed with full Run 1 data:

B(BY— n'¢) <0.82(1.01) x 107%  at 90% (95%) CL

> Observation of Bs— @ and evidence for
B'— @ with Run 1 data

Time-independent amplitude analysis performed
and resonance structures like p(770), 10(980),
£2(1270) and fo(1500) identified

> Studies also expands to higher KK mass and a

time-independent amplitude analysis ongoing
with Run 1 3 fb-! data in LHCb

> New quasi-two body decays observed in
higher mass region could be interesting for
future CPV measurements
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