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Flavour motivations

Kimchi

Matter antimatter asymmetry
> New sources of CP Violation

Quark and Lepton flavour & mass hierarchy
>extended gauge sector coupling to third
generation (Ht, W’, Z’)

>restored L-R symmetry Gochujang

Finite neutrino masses
> LFV and LFUV.

19 free parameters
> GUTs, leptoquarks

Hidden and dark sectors at the GeV scale,
may have flavour properties.
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*PARTICLEZ 0

*PARTICLEZ 0

SPARTICLEZ 0

o Leptonic and Semileptonic decays

e CKM matrix element magnitudes

o Violations of lepton flavour universality
Direct and indirect CP violation

SM Weak CP phase

New sources of CP violation
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NEWS - 12 JANUARY 2018

Revamped collider hunts for cracks in the
fundamental theory of physics

Experiment smashes electrons into positrons to search for unseen particles and problems with

overarching physics framework.

THE SCIENCES MIND HEALTH TECH SUSTAINABILITY EDUCATION VIDEO PODCASTS BLOGS STOI

PHYSICS

Lawbreaking Particles May
Point to a Previously Unknown
Force in the Universe

Scientists aren’t yet certain that electrons and their relatives are violating the Standai
Model of particle physics, but the evidence is mounting

Elizabeth Gibney
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FEATURE 27 April 2016

That’s odd: Unruly penguins hint
where all the antimatter went

Rare “penguin’ particle decays should all happen at the same rate. They don't - perhaps
providing a clue to why we live in a universe made of matter




CP violation in the SM

D
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Belle I

Vus |Vub‘ e_ify
Vcs | Vcb
— |Vts‘ e_lﬁs th

Vi

¢ *
Vcd Vcb

The SM describes the mixing of quarks Vid|
of different generations through the Vekm X — \Vcd \
weak force. Vig| €7 P
3 Generations, 1 Phase: single
source of CPV in the SM. R VidVus
) Vchcz
Wolfenstein parameterisation:
Phase invariant, conserving CKM
L . (0,0)
matrix unitarity at any order in A.
V. ‘2 214 |Vcb|2 —
A2 = Vs A\ = 4+ 1
Vaal? + Ve Vil £ Vel
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CKM and CPV SM Metrology

How do we measure the CKM parameters?

D
<o
Belle I

B>, pp a/od;
B - D() K(* Y/ ®3
B> J/AP K B/
Bs-> J/\D ® Bs
K->mnvanti-v p,n

ICHEP Seoul 2018

V= Jec
t B g B’

B->D*Iv/b->clvV |Ve| via Form factor / OPE
B->mlv/b->ulv |Vu|viaForm factor / OPE
M->I[v(Y) Vyp| via Decay constant fy
€K (p, n) via Bk

Amqg, Amg Vib Viia,s3| via Bag factor Bg
Bs) > Ut - Viid,s3| via Decay constant fg
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Flavour data sets from colliders

e Several experiments at different machines contributing to the field with new results in 2018.
e SuperKEKB is the first new collider since the LHC.

Experiment {Ldt o(bb) o(cc) o(ss) Operation
Babar 530 fb-! 1.1 nb 1.6 nb 0.4 nb 1999-2008
Belle 1040 fb-1 1.1 nb 1.6 nb 0.4 nb 1999-2010

Bellell >0.5fb-1(50abl) 1.1nb 1.6 nb 0.4 nb 2018-
BESIII ~16 fb-1 - 6 nb (3770 MeV) - 2008-

KLOE-2 5.5 fb-1 - ~3 ub (1020 MeV) 2014-2018
ATLAS > 100 fb-L 250-500 pb - - 2009-
CMS > 100 fb-L 250-500 pb - - 2009-
LHCDb 1+2+>5fbl 250-500 ub  1200-2400 ub  (~1013 Ks/fb™1) 2009-
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Leptonic and Semileptonic Decay

pa
o 3-ways to measure |Vckm| with leptonic and semileptonic decays
Uy
e Leptonic: decay constant from LQCD
MB 9 )\1/2 GF
I'(B — {1/ G y
( 102) = \ “fBC2 =12 M2 G 5 Vb (my, — 0)
—
o Exclusive semileptonic: form factor parameterisation with H- .
normalisation from LQCD or Light Cone Sum Rules e > Vab '
AT G2 |Vip |2 AL/2 A1L2

a7 = Calmew PG “R {2 ua || 4 VP o | Hol | + Goal 1

o Inclusive semileptonic: Heavy quark symmetry if you measure Mg = (M —mi —m3)” — dmims,
the full rate, described by heavy quark expansion (o = m + 12 (m%]\};m%){
G m B
F(B — Xch) F H/cb‘ H - AeW]AnonpertApert] _ mi+m3 i
273 P12 2 :
q G2
ICHEP Seoul 2018 Phillip URQUIJO 7 B9 \isourne




B>DU)tv,Bc>J/PpTV

e - Large anomaly (first seen by Belle), now numerous
measurements. Do we understand the background?
Only Belle(ll) has high hermetic coverage (for T reco.)
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Measurement of the Ratio of Branching Test of LFU in Bo>D*-t*v; branching fraction

Fractions B(B*.>J/P1tvy)/B(B*c>J/Yutvy)
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using 3-prong T decays
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O. Leroy
K. Matsuoka

LHCb PRL 120, 121801 (2018)

LHCb PRD97 7, 072013 (2018)
Belle PRD97 1, 012004 (2018)

Belle and Babar still yet to release
full semileptonic tagged R(D)+R(D*)

B Signal B>D*Iv, | Fake D*and q§
 tcrossfeed PR5 029 ¢ Data

—~ 51000

= 100 = 800

(2]
€ 600
2
i 400

O 02 04 06 08 1 12 14
E.. (GeV)

Measurement of T lepton polarisation and
R(D*) in the decay B>D t-v with 1-prong
hadronic T decays at Belle
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B 9 D(*) T V & B é D(*) “ lV HFLAV ICHEP 2018

Belle arXiv:1803.06444

e World average near 3.9 6 from SM expectation
¢ R(D*) with hadronic modes are 1o consistent with SM
¢ Belle R(D*) combination <2 o from SM.

e T are mimicked by background > enhancement. More studies of B>D** (- Dnm) lv necessary

VY B | | | | ' | 1 1 1 ' | | ]
% 05K BaBar, PRL109,101802(2012) X d &« FrororoToroT | o= T | Fe0 S
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C N © 1201 -
Y - LHCb, PRL115,111803(2015) - - S L - 1E 70 2
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Measurement of the branching fraction of B>D)mtlv at
Belle using hadronic tagging in fully reconstructed events
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|va| E. Waheed Belle ICHEP Preliminary

Persistent difference in inclusive and exclusive |V | and |Vup|. What is the cause?
e New Belle B>D* lv, BF, |Vcb| and form factor measurements
e BGL z-expansion: [Vep| = (42.5 + 0.3stat £ 0.7sys + 0.6.0cp) X 103 NEW
o CLN model: [Veb| = (38.4 + 0.2tat % 0.65ys + 0.6L0cp) X 10-3

0

01 0.8-0.6-04-02 0 02 04 0.6 08 1 & 0.8/ —+ : 3.5
CO0s0, o —
S 06 | 1 —J—

-

. Belle tagged 2017

. InCIUSIve: ‘VCb‘ : (42.2 i 008) X 10_3 C(r7_1 5 | | | | | | | I] | | | | | | | | | | |
' B —D*1v —_—i-
5 <0 00000000 g B—>DIv Belle untagged ——-—-"- -
I"J:B()E_Belle 1.6~ — B—mlv 018 I |
25: Preliminary j f >5 4.5 A, —=puv Inclusive l —]
20: cg\ 1.4 CLN + LCSR —_ Average 68% C.L. _
- ~ I ] [ ] Average Ay’=1 Vi GGOU, : m
15E — 1.2+ N BGL + LCSR ] 4 IV, |: global fit in KS B
10¢ N0 I \+ 7 -
5F — 1.0 “E&&? Z

Veb| Exclusive-
m 30§_<103 - 04 Belle tagged 2017 3 Inclusive now -
Ezzgree”hemmary o 0 11 12 13 14 15 agree! | %:
3 W w 25 A B 1 SRR S B Bl AL
:z; Bellgzuonlt:gged e 34 36 38 40 42IV |[10f134]
5 = *
O e 1111815 10813 13894 TasiE E;ﬁ&R” om oot Measurement of the branching fraction of B>D"8v, determination
w of |Veb|, and tests of lepton flavour universality at Belle
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Belle arXiv: 1712.04123
Babar PRD95 7, 072001 (2017)

Vub| & |Vub|/[Veb

o |Vub| - exclusive inclusive difference is still ~20%. 2017 Babar study Belle PRD96 9, 091102 (2017)
shows bulv and b>clv modelling affects endpoint analyses. LHCb PRD96 11, 112005 (2017)

e LHCDb precisely compared LQCD and predictions in Ap >Ac L .
o Bellefound a first hint of B>uv: a BSM probe or clean |Vyp| at Belle Il

%7800
=]
6\ 0 08: 3 L L L L L L %GOO
> "F - R.Gomez LHCb ] 2
S 0071 _F E
s~ 0.05- = -
o : R - 1 3
T 0.04] in <3 LS 1S
. 003E T Tk 1 =
< 0.03%-| —+ S _ (0
T = :
0.02:— 1 < _
0.01E | 1] 0.5 p2 = 1.63 + 0.07(stat) + 0.08(syst) -
R 1 NN AR U AR SR RPN BT L O:""""""""""":
Bs 1 12 14 1.6 18 2 22 24 26 28 0 > 1 - g 0
Electron Momentum (GeV/c) e GeV?]
niolded Belle B(B* = utv,) = (6.46+2.22+1.60)x 10~
L elle
Measurement of B>Xy l v from and determination of Measurement of the shape of the A%, > SM B(B* - i*v.) — (3.80+031) x 10~
. . 7’ — . .
[Vup| at Babar N+cpu-v, differential decay rate

Search for B->puyv at Belle

% o |HE UNIVERSITY OF
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IVcd| - Cabbibo angle

e New semileptonicVcq resultsfromD>mev,Ds> Kev,
tests of D*»> T v LFUV (no signs of NP)

BESIII PRD 96 (2017) 1, 012002
BESIII PRD97 (2018) 9, 092009

BESIII arXiv:1803.02166
BESIII ICHEP Preliminary

Other recent results on
, J-C. Chen D->00(980)-e*Ve and
Leptonic: 0.2210 £ 0.0058 £ 0.0047 D*>n(e*veat BESIII
Semileptonic: 0.2155 + 0.0027 £ 0.0014 + 0.0094
CKMfitter: 0.22494 +0.00025 4 0028
SN B L B —=— data
HPQCD 0.666+0.020+0.021 .imim . simple pole model D KO
PRD 84, 114505 (2011)[N=2+1) S | @300 | ...... modified pole model S 9 e V
BES I” [MeV] Belle 0 624+0.02040.003 = = 7 Series (2 par.)
fD.|_ — (203.2 'I_‘ 5.3 i 1.8) PRL 97, 061804 (2006) [D"— n'e'v,, D" = n'u*y ] BES/II /
BABAR 0.610+0.020+0.005 o /
LQCD [MeV] PRD 91, 052022 (2015) [0°—> w'e*v ]  preliminary )
fD'l' - (21]"9 i 1'0) S%[L)Eo(,)(:?:oos .2:62?([5;?211:9:?\30;‘—’ ne‘v ] }
BESIII 0.6372+0.0080+0.0044 L
PRD 92, 072012 (2015) [D°- n'e*v ] B ‘ |
BESIII 0.6216+0.0115+0.0035 ,.Fﬂ
lPRi) 96 ()1170()1?(7101/)[0._. ;:oe.\l;] S - l I I I
045 05 055 06 065 07 0 05 1 2
f?_m(O) g (GeV</c")
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|Ves|

o« New leptonic and semileptonic results from BESII!

BESIII PRD97 1,012006 (2018)

BESIII Preliminary

e Impressive agreement with LQCD! CKMFitter 0.97343:0.00015 1
DELPHI W' ¢§ 0.94:0.32+0.13  meetismmmme
CLEO/BELL/BABR/BESIII D~ K1'v, 0.975:0.007:0.025
Leptonic: 0.974 +0.014 £ 0.016 CLEO THEV V)V, 0.988+0.044:0.022 ==
Semileptonic: 0.9601 +0.0033 + 0.0047 +0.0239 | C:£C iﬁ"}_'f;"f ittt | e
: C T (TV)V, .088+0.069+0.
CKMFitter (lndlreCt). 0.9743 £ 0.00015 BABR T+(e+\'evr'W\";xvr)\'x 0.956+0.036+0.056 s
E—T t(e'v, v u'v V.V v, 1,025+0.019:0.029 2
e e v 3 BESHI@4.009 T ATy, 0.944:0.063:0.027 ==
. rea . all s—)].l, Vu utwrong Y + "
BES 11l [MeV] 300 s w12 e oy, CLEO vy 1007:0.040:0.018 (o
B > BESII Prelinninary 3 BABR u'v, 1.040:0.033:0.031 --
fDS+C" (249.1+3.6+3.8) 5200 BELL i, 0976:0026:0021  #
LQCD [MeV < BESII@4.178 .,
Q [ | T S .@ g D—u'v, 0.974+0.014+0.017 B
fps+ =(249.0+£0.3+1.5) a4 preliminary
E BESII - Agp Aigep
Y —K utv + +
> 100 oreliminary 0 ~KHY, 0.957:0.006:0.024
| | | | 1 1 | | | | | | | I | | | 1 | | | | I R I | |
-1.5 -1 -0.5 0 0.5 1
0.2
IV |
. CS
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Decay time

L (By(t) = f) =T (B)®) = f) Az = [ycAt , NN

DBy = )+ (B~ 1) At =top — tiag Mot NN T
Sysin (Amt) — Cr cos (Amt) | |

" cosh (%) + Aarsinh (%)

Acp (t) —

e Vertex fitting and flavour tagging: Boost, IP resolution, hermetic coverage Flavour tagging eff.

_E0
e Hadron identification: K/ 1t/ proton separation 3-5% LHCb
Kaons (K., Ks) from CP eigenstate b->c anti-c s and b>s penguin decays 30% Belle
o ) PEe g 35% Belle Il

ICHEP Seoul 2018 Phillip URQUIJO 14
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®,/B (phase of Vi)

BY mixing - BY decay —
h ———— b oy ('(; Scr
W - 0.70+£0.02 WA HFLAV
| > | 0.740+0.0204 o,c Indirect CKMFitter

Q
|
|

|

.

Q

e A ViV,

K
—
AN

p=¢,  EEE

1.5 1T T 1 | 1T T 1 | T 1 I$ | 1T T 1 1T T 1 1T T 1 - E
[ | excluded area has CL > 0.95 O/% T PRELIMINARY
Sln(zﬁ) Sln(zq)l) ‘Morlond 2018 i ' ® i i | .
PRELIMINARY i (I)S ’c'g | : O
BaBar ! | I 0.69 = 0.03 = 0.01 1.0 — — <2
PRD 79 (2009) 072009 | E . | T r z -
BaBar v - | . 0.69+0.52=0.04+0.07 - Si - e
PRD 80 (3 09°) 112001 P - - =
BaBar JA (hadronic) K 156042 =0.21 0.5 | 0.8 m
PRD 69 (2004):052001 , | ; C ) -
Belle : 5 | 0.67 = 0.02 + 0.01 j g 06 - <
PRL 108 (2012) 171802 ! 1 = o0l 1 : S
ALEPH | o s 0.84*%82 . 0.16 i 1 5 x
PLB 492, 259 (2000) ' . T C i 0.4 L Sy o
OPAL ; 5 P 3.20 1560 = 0.50, - - | i L (25 o
EPJ G5, 379 (1998) ; ok -0.5 2 2, 0> 2
CDF ' T R 0.79 *0:44 - J 0.2 + /) PO
PRD 61, 072005 (2000) A A - | 5 : il
LHCb ; i L 0.76 + 0.03 1.0 - 0y § €k | E %
JHEP 11 (2017) 170 ' o s N | 0 [t N -
Belle5S i 5 | 0.57 + 0.58 + 0.06 - % i wy . A i
PRL 108 (20125 171801 .. > f { — ICHEP 16 | (excl. at CL > 0.95)
i : ' B | 01 l R R E R N N N R U B AATANY B ] - | ' ' ' ' —_
Average : | 0.70 = 0.02 1,5 11 0.
HFLAV ; ; { 1.0 -0.5 0.0 0.5 1.0 1.5 2.0 D2 0 02 04 06 08 1 0
-2 -1 0 1 2 3 P
D o o RIS THE UNIVERSITY OF
= |CHEP Seoul 2018 Phillip URQUIJO 15 BY i sOURNE




¢ 1 C h a lle n ges V. Vorobyev Belle+Babar arXiv: 1804.06153

J. Grabowski Belle+Babar arXiv: 1804.06152

o Whatisthesign of cos2®,? (2 fold ambiguity) Positive! LHCb JHEP 1711 (2017) 170
RS LHCb PRD95 5, 052005 (2017)

e Can we control theory errors to < 1° (penguin pollution)?

BT — J/w (ul
&T1200F ' -
60— ————————15() <L —+— Dat ]
(a) BaBar+Belle B" — [K97 7]\ h with | (b) BaBAR+Belle B" — [Klr*n¥]") 1" with 1140 % 1000 - %%C\'; S Tst;l] fit B
| M 70y — Mror-| < 150 MeV/c? | | Mg soaye 7 Mgoqs| <75 MGV/CQ.lgo = © L B+—)J/\|ITE+ .
50 _+_ Unorqi(;(ed event 1120 T 800F B+—)J/\|IK+ —:
o ’ | | Mixed event _ 8 600 5% Part. bkg. -
o (BB /BB o dobs =ptree+Appeng+pNP 3 o :
— = 400 —
~— , 180 = N
0 Y |0 ~ 200} 3
4(% {00 tree ‘?‘& YefeveTe S \ :
g 20! 150 0 Teerierelneles e YA A A s
LI 10 5000 5200 5400 5600
2 m(J/ymt) [MeV/c?]
_ 10¢ _+_ 90 E
5 > 10 B+ —> J/w K+
(D) 0 P =T , , , : : 0 _
E 1.0/ 1.0 d S ~ — —
> 0.5 0.5 d S oL LHCb ~+ Data 3
© B | § 8 TeV —— Total fit 3
< 00 +‘*§>'jfv/—+— *0-0 Z ok B'I/yK* 3
-2 0.5 -» 1—0.5 S \‘gi —- Comb. bkg. -
© —1.0} — —1.0 é 10 B % [©%Part.bkg. 3
c - — < : .
& -8-6-4-20 2 4 6 8-6-4-20 2 4 6 8 - T ok -
" At (ps) At (ps) b ? “Esai B
| S :
| y Y |
Belle+Babar: 7o evidence for cos23>0 105000 5500 5400 - 5600 ’)
and resolution of the CKM Unitarity Triangle m(g"’l; ) IMeV/cT]
— +0.7 O
P : : : eng =(— ©Y-0.
ambiguity by a time-dependent Dalitz plot Measurement of the B+ production asymmetry Adppeng =(-1.10 0.85)
analysis of Bo>D("h0 with D>KOstt* i~ decays : _
y S y and the CP asymmetry in B+>J/ K= decays o(APobs) = 1.6°
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Direct CP Violation

®; relies on AF=2 (mixing+decay), but we can also use AF=1 (direct) as a precise probe

A = Aje P1el01

I
|
' f
B »» f ' » u b < m - d,3 b d 3
|
. - _ q (1 U
: e TR B K
: u u
' l i d,s l,s - d,s d,s d, s
' T P PA
' W
| b < m - d.3 b . < T
d,s
—_— ZCDZ 252 . . ) 70/ u
- 4N — —1Q2 10 /1 |
Ag = Age'P2e cp Ao = Age~ 2102 ) <
u d,s

CPV: |Af|2 # |A#2 = A¢ and A # 0

For CPV A; and A, need to have different weak phases ® and different CP invariant (e.g. strong) phases o.
To measure ® you need to know 6, and ratio of amplitudes -
e.g. in y/®3 measurements the relative strength of V., and V., processes and colour suppression.

BV~ THE UNIVERSITY OF
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®; (phase of Vyb), CPV in BoCharm

e Theoryis “pristine” in these approaches, << 1% on @3
e LHCb triumph B, B9, Bscombination w/ D phase input from CLEO

(73.5%4-2.5 ;)0 WA HFLAV
(73.5"’5'1.5,7)0 LHCb
(65.3%1.0, 5)o Indirect CKMFitter

|

LHCD -

Preliminary _|

1-CL

ICHEP Seoul 2018

D
<o
Belle I

(BES Ill data coming)

B*—DK*, D—h3x/hh'n°

B*—DK"*, D—Khh

B™—DK", D—-KK/Kn/ nx

- All B" modes

Full LHCb Combination

LHCb

Preliminary

100

50

~ Relative strong phase 6r
0 50 100 150

y [°]
Measurement of the CKM angle y using
B=>DK= with D>KOosttr11-,KO0sK*K-decays

0

Phillip URQUIJO

A_. (D;K")

LHCb arXiv:1806.01202
LHCb JHEP 1803 (2018) 059

LHCb PLB777 (2018) 16-30
LHCb JHEP 1806 (2018) 084

M. Whitehead
A. Birnkraut

A dream of Belle & Babar: difficult due to Vup
and colour suppression. Many Direct CPV
techniques developed at the B-factories.

<
™~
1 1 I 1

LHCb -

0.2;— + —

-0.4F -

1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0] 0.1 0.2 0.3
t(B)— D.;K~) modulo (27t/Am,) [ps]

New time-dependent measurements in
B%DT[ (2@1 + (D3) and BS éDsK (q)s‘q)3)
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¢2 & CPV in B—)Z-bady Charmless LHCb arXiv: 1805.06759

Belle PRD96 (2017) 3, 032007
EPJ C77 (2017) no.8, 574

o Extremely precise tests of B>Krt, and B->Trt.

e Isospin sum rules exploited to control strong  (84.9 *5:1-4,5)° HFLAV 2018
phase, but need neutral modes. (86.2 *44_4 9)° CKMFitter Direct 2017

(92.5 +1.5_; ;)° CKMFitter Indirect 2016

C-L. Hsu
S. Perazzini

'S B Q! B
Q — \S) — - = _
> 8000 — S 2500 d 12| [B=pp B —
8 : LHCb L u LHCb T T Moriond 2018 _
2 2 - | i Boe( yr)o DCombination |
L 0 + 2000 L 0 o p— | SR P _
2 6000 t S N - + B'on'n 15 ‘ - A ‘
- - 0 — - B a | N ' | ' ﬂ | ' ﬂ
~ - _ —~ - 0 _
% — J[ + . B,—K T 8 1500 — + . Bi—>n'n — % 4 I
= — 0 t — = — 2 2 v R
< 4000~ + BoKKS S - B"—>K - 0.8 7 AV AL
= i i B-min | B 1000 [ Z 7 NN Z\
2000~ 500 TH Z 7 7
B Comb. bkg. Comb. bkg. sy X 00000000 7 s
Y "7 000000 7 5
04 g e v 00 X 0
0 0 P 7 WA P s
0 M. [GeV/c? My - [GeV/e?] 02p\ CX 0 ) b
Agp = —0.084£0.004 £ 0.003 Crine = —0.34 £0.06 +0.01 WX\ -
AB: 0.213 4 0.015 =+ 0.007 S 0.63 +0.05 +0.01 oL N NN s
S — . + . + . 4 — —0. -+ . - . R i~ P —— - , AV A C A A A AV A YL = AV
or o 0 50 100 150
@)
Original Direct CPV Measurement of CP asymmetries in two-body Measurement of the branching fraction and )
signature of the B-factories.  B%s)-meson decays to charged pions and kaons CP asymmetry in BO>1omt® decays, and an

improved constraint on ¢»

It ICHEP Seoul 2018 Phillip URQUIJO 19
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LHCb PRL 120 (2018) 26, 261801
LHCb JHEP 1803 (2018) 140

Large CPV in B>3- and 4-body

J. Dalseno
D. O’Hanlon

Belle PRD96 (2017) 3, 031101
Belle ICHEP Prelminary

e Verylarge CP asymmetries in localised Dalitz space.

e Experiments switched gear to amplitude analyses!

W*/NP?
e New triple product studies in 4-body as a tool to probe new CPV. b a —s .
vV, v,
. d
B! :

CPV > 6 o significance, due to B> K* 1t 2020 ¢ e

Acp(BO>K*11)=-0.30840.0606t2t£0.0115ys+0.012mogel = | : 0
0— ~ 2 l l ' | ' ' ' I ' ' ' |_—
2 220F - I — 4 ! g0 4 LHCb ]

- 200F - - T v

 1s0f -0.21 + = 4oojt+=| + "=
% 160 ;- : N :
< 140F = %) - i
S ot 0.4 § 300 -
% 100F - i i -
S 80F 3 _0.6— S 200F — — — _
2 60F - S - .
O 40F = 8 - -
20 - ~0.8- = 10F —— — T T
05 ;- 1 .%0 ) _ — _
m2,  [GeV?/c?] m2,_. [GeV*/c4] il RS VS S SRS S S = % 2 4 6
K K 1715727257335 445 s @ [rad]

Amplitude Analysis of the Decay M, (GeV/c?)

D
<o
Belle I

B0 KosTt+1t— and First Observation of the
CP Asymmetry in B>K*(892)-mt*

ICHEP Seoul 2018

Measurement of branching fraction and
direct CP asymmetry in charmless
B+->K+*K-1t* and B°>KsK-1t* decays at Belle

Phillip URQUIJO

$399 = —0.10 + 0.13 (stat) + 0.14 (syst) rad

First measurement of the CP-violating
phase @sddin Bos> (K1) (K-1t*)decays
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Charm CP Violation

e Recent work on CPVin modes with neutrals at Belle and LHCb

Non-zero CPVin charmis a
New physics smoking gun.

o Need neutrals to constrain strong phases it CP observed.

e No sign of CPV direct or indirect

magnet T stations
TT /) T track
VELO P
upstream track
- long track
VELO track I

~

downstream track

AcptHCb =(2.0+2.9+1.0)%
AcpBelle = (-0.02 +1.53 + 0.18)%

Candidates / ( 0.3 MeV/c?)

Candidates / ( 0.3 MeV/c?)

wE T T T r
R0 LHCDb Preliminary _§

-+ Data =
70 3

— Total 1
60 ... Bkg 3
50 _€
40 _i
x LHCb -
20 _i
" $od g

oo ey TP s W |
140 142 144 146 148 150 152 154
Am (MeVV/r2)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

90 |
8()5— Y - ngg LHCb Preliminary
E -+ Data

70f
60 |
50F
40F
30F
20F
10f

— Total
.. Bkg

Illlllllllllllllllllllllllllllllllllllllll

E

= Pl A fa ol MK X |
140 142 144 146 148 150 152 154
Am (MeV/c?)

Measurements of the time-integrated

CP asymmetry (and branching fraction) in D0>K0 K% decays at Belle /and LHCb

ICHEP Seoul 2018

Phillip URQUIJO

>
—
)
<

LHCb arXiv: 1806.01642
Belle PRD97 (2018) 1, 011101

Belle PRL 119 (2017) 17, 171801
LHCb PRL 118, 261803 (2017)
LHCb PRD97, 031101 (2018)

Other recent results on
Search for CP violation in
the D*>mtr® decay at Belle

Y-T. Lal
L-Y. Dong
M. Martinelli

AL L L LR L L
- LHCb DV — K+tK— 4~ Data

— Fit 2

e

e, ¢, —4— ]
et —— —

© A= (-2.9+2.8)x104

2 4 0 3 20
If/TD

Updated determination of D° mixing and CP
violation parameters with D9>K*t- decays
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CPT teStS in KaOn decays A. Di Domenico KLOE ICHEP Preliminary

KLOE arXiv:1806.08654

e Final KLOE-2 dataset collected on 30 March 2018 - we await
their CPV and CKM analyses.

e CPT and QM tests with kaon interferometry oy

Orthogonal “CP states” K, and K.

e Direct T and CPT tests using QM entanglement
e CPviolation and CPT test: Ks>310, Im(g’/g)

o CKM Vys: Ks semileptonic, Ku3, KI3 R, (Af)-= P[K"(0) =~ K (A1)

- PlKk_(0)— K’ (ar)

oo (abAEEbaaeg  Total L delivered: 6.8 fb-! R, (Af)- P :EO (0) = K_(Az ):
6500 MKEOEZACIEE]  Total L acquired: 5.5 fb1 | Bt P|K_(0)— K°(Ar) I
60007~ 5tai delivery: 6796.4 ) ) :
gy ok Rocor (Ar>>7) L
%4500 ot R4,CPT (At >> ‘L’S) }
£ 4000/ . . . 1_ -} 'H .l. .[. + H-}-H .l. .H_ :
33500 Relation to SL asymmetries 06 ; Jr .
Y 3000 4F . . t -
DReyy =142(4,-A;)  op PEIMN@Y [oDRr)=0028 |
= 2000 50 100 150 200 250 300
1500 Combination KLOE(2006)+KLOE (2018) Atfry

. Ag=(-3.8+5.0=+2.6)x107° Should be 1 to conserve CPT

19714 06/15 12/15 07/16 02/17 09/17 03/18 : _ _ _—
November 2014 KLOE-2 Run time (Month/Year) 30 March 2018 YSIng KTeV result on A, and KLOE on A5 | DRpt=1.016 £ 0.011 | (preliminary)

ICHEP Seoul 2018 Phillip URQUIJO 22
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Vckm - Summary

o |Veb| puzzle addressed by Belle
« B->D() tvanomaly needs new B->D** | v background studies
o |Vupb|/|Veb| at LHCb has better understood form factors!
o |Vub|inclusive-exclusive puzzle - final B-factory results awaited.
o |Ved| & |Ves| direct constraints from BES 11l are world best. Outstanding test of LQCD! No LFUV found.

e CPVfor SM phase measurements (WA HFLAV)
e SiN2P;=0.70%0.02
o @, =(84.9+51 45)° .
o ®3=(73.5%425,)°

e All measurements are statistics limited.

" Belle II+LHCb UG  |.°*

Constraint on new ;| |H,s
physics amplitude |oa
| and phasein
mixing from UT fit -

e CPVfor new physics searches:

o Largelocal asymmetries. Switching gear to

d73 S d7S 27:0'61,,3
amplitude analyses. My = (M3 )sm % (1 + hase )

e LHCb upgrade & Belle Il will push 1 order of magnitude

further on searches for CPV sources. 20-30% NP
o ®;=-0.021+0.031 WA HFLAV 2018 (see backup) amplitude still allowed in CKM AB=2.

e Baryon decays a new window to CPV (see backup)

%ol=/ THE UNIVERSITY OF
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e Nano-beam scheme in action
e 5.5x1033cm2s!achieved
e >0.5fb! collected to date.
o Bellell first studies shown at ICHEP

HER 277 [4] 789  [bunches]

Phase 2.1.5 (100/4,100/4): 2018/06/12

Lumninosity Tuning Phase 2.1.6 (200/4,10044): 2018/06/13
LER 333 [A] 789  [bunches] 6 1004):
Luminosity 23638 (now) 48.275 (peakin 24H @15:28) [10°%/cm?fsec] R 2L | S0 () S S0
Integ. Lum. O(Fll)y .0{Day) .0(24H) [/pb] 6/30/2018 0:00 IST
e B B o e e ¢ - Js00
,,,,,,,,,,,,,,,,,,,,,,,,,, - 107
400 —
: =S
J300 | & | 106
2
—_ vd 200 |
= 5 107
= 100 | 5
L
t‘. o
= =0 L 108
O = S
J200 - 107
g - o~
[3+1 - —
w - D
oa J150 | 2
- Z 10
-
100 @
g 7
Hs0 | = 10
8 108
<1 16 & 5
] o+
N %.g
W= _ 4 fo
i B — N
: |58
— SRR |
ba - - @O
e 6 e 20 2
. ‘ B T 15 E e
o ; 10 o ®
& ] e T e 5 =<
] SE R R N R [ [P R — =
oNeMpS 3h 6" gh 120 150 18N 21M oh™
6/29/2018 6/30
B ICHEP Seoul 2018

Belle I

Belle Il & SuperKEKB online

First hadronic event, April 26 2018

Phillip URQUIJO
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Belle Il and SuperKEKB ///.\\s

« >800 Collaborators from 110 institutions and 25 countries. §§ ,,'"I
e Belle ll Korea (45 members) makes high-impact contributions to the calorimeter, trigger, DAQ and computing.

o The foreign co-spokesperson of Belle is Youngjoon Kwon.

70¢ BB s
60 N P f
g Uk al of Belle I1/SuperKEKB
£ sof i ,.
5= 40 :
11 o
30-_ """""""""""""""""" e :""'lllllllllllIIIIIIIIllllllllll][||]|:
- q 3
§ E B N S 6000 -
20 - O .U """"""""""" - i data J
£ - y N £ T MC total :
10 I s S 9 months/year 5 2990 mg BB -
x P 20 days/month : e :
35 OF = S EPEPRPRPE S 4000 :
X107 8- - : Belle I 2018 -
% 6 — 8 ------------------------ 3000 Preliminary m
'g:'? 42_ """ """ Flavour MILESTONE zoooi ILdt=15 pb” _f
38 _ ;
% 5 2:_ ------ ----------------- 5-10 ab-l 1000~ el
o '....I._.,.ﬁ:::|,...l....I“‘.I‘.‘,l.... i I
Q. 2?)1 7 2018 2019 2020 2021 2022 2023 2024 2025 A !

0 01 02 0.3 04 05 06 0.7 0.8 0.9 1
Calendar Year R,
THE UNIVERSITY OF
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ackw Barret v

Belle |l LM

h )(- $uper conducting coil
|

2980

7 I a H L L 1020 1060
T 4 ,Eﬂl 1- ‘u’r EE— t \ 940‘ | ,ll | ] 17 ,193060
] XA RRANREE 11114l 777716107 7
] \ \ \\ \\\‘.\_\ \ “"' I“.\ 73:5I| \ . I [ [ | 19 /! / Iy 1 / / / / \//
N ODONSS T T T TP LLLLL LI ZXRRXRRRK KA
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\// ||
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o .J Y ] INS ! cDC /I \

| ‘RlAcoesa)\ \ |

|
\
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|
[
|
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[Nt
|
|
I
|
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'%_OEBU
7
?

)\ | ArvdotaRigio I

-
8 £ me
\ / e 3h IP Chamber :
\ ![ //‘L 4t \.:\ 1 SVD o /570 PXD(2 layers) , _—+
— ~ 1 e = A
— Ik = + 2

. Belle 1l VXD o | RIE: P =n

| L E o -

W R=14-140mm —— 1"_ — __ Sthailchi hamber | ="

' B —— — —

{ ' =

=< /J]  (Ks acceptance)
~ BelleSVD

R=20-88 7| o IS 7 |

. : A
N . - 3
T =¥ i ﬁm line axis “

\WANEDA25.95mrad. rotation )

A
C=
i
i
!
Hie

Cmmmms [ w0 [mif e [Re R 4 d. d
e Ks> TT'TT candidate /2
jano beam option) | =i |

1

SVD 4 layers (DSSD) — 2 DEPFET + 4 DSSD o
CDC: small cell, long lever arm
ACC+TOF — TOP+ARICH (Better K/p separation)
ECL: waveform sampling

KLM: RPC — Scintillator+SiPM

(Endcap and inner two layer of Barrel for neutron BG)

o Silicon vertex detectors (Layers 1, 3-6) to be installed for 2019 operation
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Performance / Calibration modes

Spatial resolution of the new vertex detector a factor
~2x better than Belle, ~30% larger acceptance for Ks

K/t separation > 2x lower misidentification rates

After first calibration: spectacular performance (mid-
commissioning run). Invariant masses spot-on!

“g 6000 — —
g E Belle Il 2018 (preliminary) —I— Data E
© 5000— _1 , —
S - JL dt = 250 pb — Fit -
@ - =
s 00 Opata = Omc™1.05 -
LL Z _
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- = (3.462 £ 0.075) MeV/c? -
2000 -
1000 — —
O : I | | | | | | | | | | | | | | -

0.47 0.48 0.49 0.5 0.51 0.52
m(n*r) (GeV/c?)

ICHEP Seoul 2018

S. Tanaka
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Particle identification

e Central Drift Chamber dE/dx & Time of propagation Cherenkov patterns - 2018 data
e New detector technology (TOP) working well!

H. Atmacan
31_2_|||||||I;E|/;IKIIff||||||I-:-(;;Ll;fl|||||I|IICII-”|(Ifl|||||||||_ '§|20 | | | | | | | | ‘ ,5120 l | | | l | | | l
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6 B o dE/dx = fake m] ) ake A ARICH = fake B E i . . E | i . .
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Charm “rediscovery”

¢ Opencharm, DO, D+, Ds*, D™, D"0and Charmonium J/y. Found the difficult to see D0>Ks T1°.
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Belle Il prospects CKM & CPV

e |Vup| @ 1% from semileptonic, 2% from leptonic

e Attack new phases and right handed currents in TDCPV in B4 decays

—
o
oC

D
<o
Belle I

e Excellent detection universality for e and p - strong on T.
O; @ 0.7%, ®,<1°, P3~1°

Excellent prospects for amplitude analysis of multi-body decays
- flat efficiency in Dalitz plane.
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Asymmetry

Belle Il Physics Book Eds. E. Kou, P.U.

+ Belle Il & B2TiP Theory community
(to be submitted to PTEP this week)
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Conclusion

¢ Many new, constraining CKM and CPV measurements.

e Our most powerful tests will continue to be statistics limited, clean theoretically and
systematically.

e LFUVin leptonic and semileptonic theoretically clean but NOT always experimentally clean.
Material mapping, hermetic coverage, and lepton universality in DETECTION is critical.

e Bellellishaving a very successful commissioning run, and has big ambitions for ICHEP 2020.
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Belle Il Wishlist /| Roadmap
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g New physics ,
- 20 ' : / Y g
= | Resolve [Vuy B sKee L FUV ~ |Bellell @ ICHEP 2018 @,
104 puzzle New Physics o e T I=
0 — -
x1 035 8 §'e
2 ee> Trm(y) B>uv
g _. ee>A’ (XX) Y | | precision u(g-2) || Discovery
c % p ' \Nm gt 1 =
£r 4
3£
x&& 2
>
: e PP BRI EPEPEPEPE B | | | T
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Sookyung Choi

cahndar Year discoverer of X, Y, Z mesons on Belle,

recipient of 2017 Ho-Am Science Prize
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Lepton reconstruction and identification

Lepton reconstruction (efficiency and resolution) is crucial for Vckm measurements.

Muons: Little to no radiation (heavy), Stable
within particle detectors, no strong interactions

o Electrons are light: Final state radiation,
Bremsstrahlung in material is likely,

177~ e Taus have a lifetime of 10-12 s: background

mimics the the signal where some daughters are

o
o Decays with electrons, muons and taus should all be identical, correcting for phase space
e Discovery of lepton flavour non-universality is a key signature of New physics
e.g. Leptoquarks, W’, Z’, H+
o ldentification [ reconstruction of leptons is not universal
II ;Supor conducting coll | | ¢
= ESY s s i Toooe targor B
~§§T. bo I Fogia N
IR 1HN R R N
8 g%\: é | svD PXD(2 layers) g 2§§ \f'- N
I\ \\\\ 53 i 3 ; y .lg g 20 n (LA
B e £ chember i come—{— :
e e e -
s — " T 410 :'-, 525 ' E o — = '
0 AL e et ] lost e.g. Ki,
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R(D) and R(D*)

BaBar had. tag

0.332 £0.024 + 0.018 ""—' BaBar had. tag .
(l)gzeglgihoagégtigo - 28 - 0440 0058 +0.042 | —
(])3.36(%?18(1)'.})%% £0011 o Belle had. tag : i
' ' I @ !

Belle hadronic tau : : 0-375 = 0.064 = 0.026 i i
0.270 = 0.035 = 0.027 e — N - ;

: | | verage :
LHCb muonic tau : I |
0.336 = 0.027 = 0.030 i i * 0.407 = 0.039 = 0.024 ——
LHCDb hadronic tau E E
0.291 = 0.019 = 0.029 : — PRD94,094008(2016)
Average 5 0.299 + 0.003 i
0.306 = 0.013 = 0.007 i —— .
SM Pred. average E E FNAL/MILC (2015) .
0.258 = 0.005 B 5 0299 = 0.011 e
PRD 95 (2017) 115008 , '
0.257 + 0.003 "' HPQCD (2015)
JHEP 1711 (2017) 061 : : 1
0.260 = 0.008 | B i 0.300 = 0.008 ;

JHEP 1712 (2017) 060

0.257 = 0.005 _.;- E
—— i B | | I
0.2 0.3 0.2 04 0.6
R(D*)
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®s/y (phase of Vup) Determination

o Theoryis “pristine” in these approaches, << 1% on ®; o LHCb ®3from 98 observables
m Uu E B decay D decay Method
K~ _
\) B_b ¢ Bt = DK™ D = hth- GLW
b ¢ ” B+ — DK+ D — h*h- ADS
- 0]
B _ B D \ _S ~ BT — DK™ D — htr~ntn~ GLW/ADS
“ U u & Bt - DK* D= hth 70  GLW/ADS
Favoured Suppressed p. _, e+ D — K%%th~  GGSZ
Bt = DK* D — K%*th-  GGSZ
A d VsV S i
rp = Asuppressed ~ ——%% x [colour supp.] = 0.1 — 0.2 BT — DK™ D — Kgk*n~  GLS
‘Afavoured | Vcb VJS BT — D*K™ D — hth™ GLW
Relat < bhase i< b-. Relati o Bt = DK™t D = hth- GLW/ADS
elative weak phase is @3, Relative strong phase is &g B DR D e LW /ADS
Bt = DK*ntn~ D — hth- GLW/ADS
0 PP ) B _
A dream of Belle & Babar: difficult > P° mode categories: B'— DK D= K'n ADS
5 ® 0 — — T _ .
due to Vs and colour suppression. Dcp, CP elgensta’Fes [GLW] BY— DK*r D — hth GLW-Dalitz
Many Direct CPV techniques * Dsup, Doubly cabibbo suppressed [ADS] 5° —~ DK™ D — Kgmn~  GGSZ
developed at the B-factories. » 3-Body [GGSZ] B = DIK= Dy = et TD
BY — D¥g* Dt—w Ktg—x#t TD
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CPVin Baryon Decays

New window on CPV using baryon decay.

e 3.30CPVevidence for the first time in Ap>p1rrm (2017)

Events/(9 MeV/c?)

D
<o
Belle I

Tree diagram oc Vyp ~ A3

Ay d -

>
S
Sl a2 A e e als
=

Y
e

 (a) AYC,>0)
- LHCb

— Full fit ]
4 — A= pK 7t

— Part-rec. bkg. -
—B'— K]
% —Ay— pKK*7m
:2—> pK mr ]
A —>pr atn
—Bf3—> K K*mr*-

56 58 6
m(pK ) [GeV/c?]

Search for CP violation using triple product asymmetries in

o
Penguin diagram o< 37, ., Vix Vag ~ X
N (1)
u
L L )
u
ru g u )
N - d\p
Ay u
{ 4
* u —
b Vib . Vid p }W
%
O e <oy |
- <
. b\~ T —_ :
1200 Full fit E

- LHCb

- Comb. bkg.

— A= pK 7 -

— Part-rec. bkg. -
—B'> K*mnn+,

.5.l§1 N
m(pK " n*trn") [GeV/c?]

56

NOp > pK-TTTT, A0 > pK-K*K-and =p0 > pK-K-1t* decays
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M. Schubiger
J-L. Fu

No sign in charm, A¢ > pKK, pTtrt

A (prct )
= (3.0+9.14+6.1) x 1073

AAGE = A (PKTK ™) =

| LHCb +  Data
: -=== Signal
P10 || F S SRS IRCRRTRSIRRONIC! [, S

1000-

Candidates / (1 MeV/c?)
O
S
S

500 -

Background

2240 2260 2280 2300 2320 2340

m(pK~K*) [MeV/c?]

LHCb arXiv: 1805.03941

LHCbh JHEP 1803 (2018) 182
Nature Phys. 13 (2017) 391-396

A measurement of the CP asymmetry difference between

Nc > pK-K* and ptt—t* decays
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Time dependent CP violationin b>s vy
b—sy S¢p HELAV Ky Sep Vs Crp FLAY

PRELIMINARY Cep PRELIMINARY
BaBar _ o Il -0.03% 0.29 = 0.03 | ’
PRD 78 (2008):071102  |= 7 A - sy BaBar |
> Belle 5 o -0.32 2% 4 0.05
X PRD 74 (2006) 111104 Pk P , ;
Average 5 L 1 -0.16 + 0.22 - , ; Average |
HFLAVgcorreIatled average * : : - !
- BaBar o | & ] = -017%=026+0.03
-- PRD 78 (2008):071102 "_*—“; 7 ;
©_ Belle : ) -0.10 = 0.31 = 0.07 7
" PRD 74 (2006)111104(R}T KT ;
X Avera\Pe E & ' -0.15 = 0.20
HFLAV correlated averag I - g TSSSGOTCLRLLN -
. BaBar Al “ -0.18 *342 £ 0.12 SeatetalaleTute? aaturarete et S N N S -
- PRD 79 (2009) 0111102 5 5 | / «
—  Belle : o E -1.32%+ 0.77 = 0.36 !
¢  arXivii8U3.077; i : 5
X Avera\l}:;e 5 : | '.0.49 = 0.42 5 i
HFLA correlat_eﬂj avera’;& : S - g
BaBar 5 — L o -0.18 + 0.32 000 E
- PRD 93 (2016):052013 e 5 5
©. Belle E L 0.1 = 0.33 To0a E ;
= PRL 101 (2008} 251601 |7 E > i E ]
X Avera\I;;e E * :-0.06 = 0.23 5
HFLA Correlat:Gd average E . ..... A T mniRIE R Gem =
- . Bele Sy 0.7A T ERY ' :
S PRD84(2011)071101 M L ra— — | | | |
n Avera\?e : * . 0.74 = 0.90 -0.8 -0.4 0 0.4 0.8
X HFLAV correlated average N SCP
' Contours give -2A(In L) = sz =1, corresponding to 39.3% CL for 2 dof
-2 -1 0 1

wr— THE UNIVERSITY OF

8. MELBOURNE

It ICHEP Seoul 2018 Phillip URQUIJO 40




o o |
o0 — Z
N~ - = | e
= 2D
O 2|2
Z.
N 3 2|2
6 (48]
g L=
- “—— - =
g =
A ' =
(N | 4
L @) -
% 0
N
C = }
W./ ~—
< = - O <
I ok D
3 = c
) o
p — Rl - - iy a
+ / R - T Rl "~ 8
N 5 <<
X BEm 2T F
QO I <@L -8
0N 0N M | i
1 L 1
: . -
N [ 1 - - O
=) N
= - -
N~
- J
O m .
—] © =7
o o
<
D
D
anjea-d O
| Y
-
T T === T O [rem— Q.
e ] 6 =
B ALRRRRR R RN R R RN N —
(o) NN I R R R V%  — pp—
~ OO
S NNNRRARNRNRNN c
N | a an
d Anu A O
Qo AEELRRRRRRRR RS “_
I |—
s e NN ..
—JI s A .
/ﬂ//////ﬂ//////ﬂ/////
- — NN N R R R R
-
'Y = R ey
RN R R R R R R R R R R R R R RN
- - o0 OO
| = ,
@\ | SOOI ] —
a B S R RN | m
"N STRLRAIHIHILRK A
>: — s
— — =
L N
9 o ]
SIS ——— )
b LN e T ] 00
) R : l
J — e - - )
" 1n
1 o D
LN -
m + i e
9 i o Q)
o . )
N al
r ~—~" AANRRRNRRRRNNY L
e SSARRRNNNNIN NN e 1
f | Lo et rad - @
N ~ — 0 O T O O —
.m. o $




| e
m Z
L Y A L AL B = [ e ==
— O m w
+ + o : = >
+ % T o+ o QO O\ e 2,
m Xk S S i Z |5
| “ < . : W) =
ISR . =~ =15
.m ! +\_, +\_, 1 +\_, m o0 ) ”
O (e} ' ' &
Sl ™™ O \O QN P
l’ . 4 L)
mw i -
g B o v
........... \H 1
asS
////w/
AA e — P L  E R W— <W O _
// 1 ”
= B
== inHHHIIIIilli ‘ HW
-
— N NN %
T e NN A
I A A
| e O O N N
e —==sunaii{] | e A N -
| | R A A A AN <
R L N Y
= N e R
AlAlmmmmuN._"my &
R R R R R R R R R R Y
LA
: N\ AN d
: S
- : MMWH
IR R B B B A -
= = . » < O
- S - S -
T T _ 1 1 _ T 1 _ _m_ _ _ 1 J lelJ .mw.
2 3 X I
: " s
N N © \\m.ﬂQ_ \\\\\\\\\w\w\\\ -
W 7o 007> TS RS N 0
o) = LT LA
— 0O O - s 45 fe
- O < O S
| o @) \O "~ N\
- : N
| I : A e
o S \\\\\\\\.\\
............ Y IP PP
= o WP I
............ I IP IS
S ISP IS
ISP IS
PP
B ISP
I PPN
PP IS
I PP PIIPS
A
000
T A
T
7 oy
T S
| T o
pa—— T A R
L X e
_ S
: X
% i SIS
e 7 TSR A
- 0 S bl
eeter e T ST R R R S a5
O — e R
— —— ———— ISR
o — ——— N e I,
— ——— e e SRR Oy IS
e o N PD,QW%"“““Q’QQ%Q
a R ...........................,“.H.”.”.H.”.“.“.”.“.“.”.“”“”””“”.”.”.”.”.H. ..................... o ”.....“”“. .......... Q‘Wﬁ‘%&%@%@
n .................... N&&&‘&&&Q@O&W
o — o SE SRR
\ SIS o0
% && S
O oo O©
— QEXLI —i
el o
S
S
A
O X —
O 000000 N -
: AN O
o0 PPN PP IS
| T A QU
T T A
T W
) LTSS A,
: L
@\ m ” al
<L L 1 1 _ L 1 1 _ L 1 1 _ L 1 _ L 1 1 - L
— — [ ] ) ) )

—
7
B




rgP(*)K(*) Vs @,

0.2 ! | ' | I [ I T T T
S B*—D°K*, D"—>hha"/ 37 & 06 o B —DK*, D'—>K{hh m_
. + *
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Direct CP Asymmetry in hadronic B decays

Acp of Kaonic Modes with Additional Kaons or Pions Acp of Kaonic Modes with Additional 7 or ¢ Ao of Kaonie Modes with Additional o, o, fo. fu. a1 or by
HFLAV —— * HFLAV I +
——t K0+ . oK : f0(137O)K‘|’
December 2017 0.0 December 2017 K+o
$ K™ _.1‘ 8 o = ® f2(1270)K_
$ K*-i-,]-‘-o ¢K*+ . f0(980)K*0
*0 $
== [ = HPLAY | fo(080) K+
% - . ¢K(1430)" - fo(980) K
Bell e |K " Belle S (1430)0 December 2017 == /o
elle | ) N
BABAR =& K7t BABAR e 0 ) . w3 (1430)
Our Avg = K+tq0 Our Avg. $ ¢K1(127O) . wK§ 1430)0
JE—— KR : ¢F3(1430)" . | WK (1430)7
i * 0 elle
i (1430)07° = 0KG(1430) BABAR | wK;(1430)°
+
Lo K5(1430)07 =s=| P01 Our Avg. ] R
o [ (1430) 7 —I O . e
0 n K3(1430)° N
. K3(1430)%7 : / = wK
g Kntrm _ 0K (1430)7 . p(1700)" K+
T -
: 0 K (1430)° : p(1450)~ K+
I KOrtm~
. i n/K*O . K*—l—p—
K+7T_7TO KT *x+ 0
+ o~ 0 : ' $ K™p
. KT~ n’(NR) o
: 2N | K*0pt
T et KTK—7* e o) K*Opo
+ - Kt - ===
& KKK " nK;(1430)" . pt K
= K+KSKS . nKE)k(1430)0 pOK+
—= K7 n~ . nK3(1430)° $ pm K+
—— K''nm™ . nK§(1430)* . oy K
==} K F7n'7" e — nkK*" af K
s K*O0m+ |~ nK*O _ b1—K+
3= KKK~ —==1 K'm . b K°
—— K""KTK~ = —l . BN
| | | | | ! | | ' ! ! ! ! | ! ! ! ! ! ! | | | |
10 0.0 1.61.0 0.0 1.0  -1.0 0.0 1.0
Acp Acp Acp

It ICHEP Seoul 2018 Phillip URQUIJO 46

Belle I




Direct CP Asymmetry in rare B decays

Acp of Radiative and Leptonic Modes Acp of Non-Kaonic Modes and Modes with Baryons
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®; (phase of Vi) and &1 NP (EWP)
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Measurement of time-dependent CP
asymmetries in BO->K0sny decays at Belle
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CPV in BéCharm LHCb JHEP 1806 (2018) 084

LHCb JHEP 1805 (2018) 160

e LHCb exploring new methods for ®; determination.

e New time-dependent measurements in .
B->Dmt (2; + ®3) and
Bs>DsK (Ps-P3) respectively

- Total fit
B*— D:D°

- Total fit

200E LHCb e :
B — D.D° -

200E LHCb

Candidates / (2 MeV/c?)
Candidates / (2 MeV/c?)
S
I

600 |-
I/—\ i | | | | T | T T T | i 400
- _ 200 F-
<04 LHCb - T
Q _ _ 5240 5260 5280 5300 5320 5240 5260 5280 5300 5320
\-/>< - - m(D;D°) [MeV/c?] m(D:D°) [MeV/c?]
s 0.2 — ~ VT .~ WV
< i 7 = 80 Dat 34 = s0 Dat
I _ > LHCb i > LHCb
_ _ > 10 — Total fit 3 S 70 — Total fit
o 60 — -0 _; S 60 s Dt
C ;; 40 = % 40 {_
- - 5 30 5 T ,
-0.2- — S 20 4 § 20
- - 10E 14 Jr = 10 4 : |
i ] 075240 5260 5280 3300 5320 05240 5260 5280 5300 5320
04} _ m(D"D") [MeV/c?] m(D*D°) [MeV/c?]
i N I T B i .ACP(B_ — DS_DO) = (—0.44+0.54+0.5)%
0 0.1 0.2 0.3
. . . CP — — 0y 07
t(By— D;"K~) modulo (27z/Am,) [ps] AZ(B™ = D" D7) = ( 23£27£04)%
Measurement of CP Measurement of the CP asymmetry in
violation in Bo>D+1t decays B->D-sD%and B-»>D-D° decays

#— THE UNIVERSITY OF

8. MELBOURNE

ICHEP Seoul 2018 Phillip URQUIJO 50



