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Simple 3x3 complex matrix of tree-level quark transitions,
loop and box diagrams give a rich structure, including CPV




Unitarity Triangle

Non-zero area = CPV

ps =7y

|Vep Vo] : b
(P3=(P(—Vub\<) 2¢1 =¢| B° BY
\ 7 Vu J
2 2 2
| Viup|® o —Vb\< or >Vb\ | Vepl® o m<

+ Hadronic uncertainties...



B-factory

e (8 GeV) e’ (3.5 GeV)

Time-dependent CPV of
Golden mode:
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Scze = sin2¢; = +0.667 4+ 0.023 & 0.013 PRL 108, 171802 (2012)
S.=. = sin23 = +0.687 + 0.028 + 0.012 PRD 79, 072009 (2009)



-1 @ All sides and angles
1 @ Trees and loops
| @ Overconstraints

= :
- % i ]
: Wi, 0 1 Success of CKM
05— ! _
ol o, e Legacy of first generation
§ fitter i sol. w/ cos 2¢ <0 : B_faCtorleS (+I_HCb)
ICHEP 16 (excl.at CL >0.95) -
_15 B I I | | I I | | | I | | | I I | | I I | | | I I |
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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2008 Nobel Prize to Kobayashi and Maskawa
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: © Am & Amg
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10 [- ! Success of CKM
- 5 as approximation...
0.5 |- :
- :
= 00 :
r | Vi |T y
0.5 |- :
-1.0 :— @, :
- e :
_15 B [ I | | [ I | i | I I | | 11 | \I
1.0 0.5 0.0 05 :

P
& Problems in |V,,], most likely in measurements + SM theory

@ No constraint for O(10%) new physics contributions!




YW

SC'gi()uark transitions in NP modify the Unitarity Triangle

> Deviation of loop (¢; and V,,) from tree (¢5 and V,;,) as a clear
sign of NP, parametrized in a model independent way

M12 o M152M(1 + thQ/Od)

* « Scale of new physics

0.9

3.0 excluded area has CL > 0.95

” , [Shas (4.5TeV)2
. df:
20 06 V% Veal? U Anp

© 15
0.4

s DIf NP coupling is similar to
o2 CKM (=MFV), A\p is already
o1 larger than 8 TeV

0.0

1.0

0.5

0.0 -
0.0 0.1 0.2 0.3 0.4 0.5

[Ligeti arxiv:1704.02938]




Recent progress — outline of this talk

® ¢, /6 — addition of ¥(25) and electron modes (LHCb)
— from time-dependent Dalitz analysis (Belle)

® ¢, — new results on BY — 7270 (Belle)
® v — new results (LHCb)
® V., — recent progress on form factor (Belle)

® V,, — inclusive electron spectrum of B — X, ev (BaBar)
— measurement of B — uv (Belle)

Disclaimer. some of the recent topics are not included. such as ¢s measurement
(LHCb), B — n'4v (Belle), CPV in b-baryons (LHCb), CPV in B —+ KK (Belle), ...




LH Cb B — ( CE) K S [G.Cowan LP'17, LHCb-PAPER-2017-029 in preparation]
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® Huge signal samples, penalty in small flavor tag efficiency

@® New: and B — 9(2S)(— p un )Ks
[dominant mode: B — J/¢(— u"u~)Ks, PRL115,031601(2015)]
time dependent fit: Acp(t) = Ssin(Amt) — Ccos(Amt), S = sin23

BY— Jhp(etem)K?
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LHCb: sin20

0.3

O
0.2
0.1
0
-0.1
-0.2

-0.3

) BY— v(28) () K
B BY— Jhp(ete ) K?
— B = J (utpm ) K
| X Combination

- LHCbH

[ (Belle 68 = 0.026, BaBar S = 0.030)

0.5

v New modes help to reduce error
v Only a little behind the B-factories
v Contribution to the world average

[G.Cowan LP'17, LHCb-PAPER-2017-029 in preparation]

All combined:

S = +0.760 &= 0.034
C = —0.017 £ 0.029

sin(2f3) = sin(2¢,) &L

201
0.69 +0.03 £ 0.01

BaBar ;

PRD 79 (2009):072009

BaBar x., Ka! : 0.69 +0.52 + 0.04 + 0.07
PRD 80 (3009):112001 ;

BaBar J/ (hadronic) Kg : : 1,56 +0.42+0.21
PRD 69 (2004):052001 ; ;

Belle : : 0.67 £0.02+0.01
PRL 108 (2012) 171802 |

ALEPH : i 0.84 08+ 0.16
PLB 492, 259 (2000) L

OPAL 5 EoL 3.20 18+ 0,50
EPJ C5, 379 (1998) i *
CDF § : 0.79 0%
PRD 61, 072005 (2000) e

LHCDb ; L 0.73+0.04 +0.02
PRL 115 (2015) 031601 :

Belle5S ; i ; 0.57 +0.58 + 0.06
PRL 108 (2012) 171801 Y *f 1 °

Average 0.69 + 0.02
HFLAV ; ;

-2 -1 0 1 2 3

(previous average)



time-dependent Dalitz: B — D™ hO (v = x5, 7, w)

1At

N(At ¢1) = he 8|14+ Qg

K —

K_j
cos(AmgAt)

JRKS

+2Qp€mw(—1)

Ki +

Ki+ K_;
Integrated |amplitude|?

K_.
sin(AmgAt)(S;cos2¢1 + Cisin2¢1)

3
Ki= [ |Ap(m?, m2)|?dD L D— Ksnn~ |l°
from B~ — D~ (flavor specific) > 2.5F equal phase |
O - .
Integrated strong phase = o 8x2 bins |Ms
S f |Apl||Ap|sin AdpdD OEU’ :
| v K/'K—/' | NE 1'52_
- [ |Ap||Ap|cos AspdD i
| GALSY 0 5—
from coherent D°D° by CLEO N
0.5 1 1. 5 2 2. 5 3

Measured in 8 x2 bins

Z(Kgﬁ) (GeV?/c?

(binning based on a realistic resonant model)



Belle: ¢; from Dalitz [Belle PRD94,052004(2016)
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m2(K°rt) (Gev2/c?) m2(K°rt) (Gev2rc?) P

time-dependent Dalitz
fit of B — D™ O

¢p1 =11.7°£7.8° x£2.1°

< two solutions
from B — [cc] K

¢$1 = 21.9° (1.30 away)
¢$1 = 68.1° (5.10 away)

%IIII;IIII;III
0 50 60

. 26564
second ¢; solution ¢, (deg)
is definitely excluded (and no more needed in the CKMfitter UT plot)




¢-/B: isospin analysis
® sin2¢, from B — wn~ need to resolve “penguin pollution”

@S = Vv1—A%sin2(¢p> + Ag»),
where A¢, from 3 branching fractions and 2 direct CPV

A, BY = hth
A, BY — hth™
Aoo: B% — RORO
Zooi EO — hOKO
Ao BY — hthHO
(h=m, p)

Gronau, London PRL65, 3381 (1990)

® B~ 7mrn and B — 7 7° have been precisely measured,

but it took long time for Belle to finalize B — 797"
[ No charged track, need precise timing info for photon clusters |




Belle: B — ®°#° and &> larXiv:1705.02083 to appear in PRD]
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(previous results)

B(B — 7°n°) (1075)
PDG: 1.91 £0.22
BaBar(2013): 1.83 £ 0.25

S Eowe| O B me| o Belle(2005): 2.3+ 0.5
= an % : >
3 : o 120
; S10g SM:  <1.07277?
U T AN
—OT'E;ET"T"OT 0.2 5.56“'5‘2'74_3“5@5.29 0020 0.2040.60.8 1
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3D-fit: Mye, AE, T, ok |
(Tc: continuum suppression variable) 08¢ \\
3 osf| |
B=(13140.19+0.19) x 1076 ¢ ;3
Acp = 0.14 £0.36 = 0.10 0.4E- ]
o | - - previous
¢- excluded from the range: o\ N — new
15.5° < Cbz < 75.0° at 20 0520 '\'ﬁy's'o' 80700 720 140 760 T80

¢, (degrees)




¢$s/v measurement

A(B™ — D°K™) oc X A(B~ — DOK™) o A3(p + in)

V, K

® Two interfering diagrams have the same order in A and weak
phase difference ¢s /v (and unknown strong phase difference 6)
® = |A(D°K)/A(D°K )| ~ 0.2 for color suppression (> ~ 0.04)
® ¢; /v extraction methods
® GLW — D° — fep,eg, KTK™, ™, Kgm®
® ADS — DY — doubly-cabibbo-suppressed, e.g., KTn~
® GGSZ — D — Ksmtn™, using Dalitz plot



LHCDb: v from B — D™O0K larXiv:1708.06370 submitted to PLB]

o F : ] | ' -
% 800 ﬂ LHCb — v [KKIp Lhep A

- 0 1 - A -
S 600 DepT - =
N B A + 7] + e + ]
@ 400_ Y B —>[K K ]DK 1 = B — [K K ]DK —]
© B Yy - } .
©
= 200 . —
© D —_

cpY —= y i
§ -t o CeCECE T T T T CLLEL L L DL LR L LTI Tiin; A __ o o,
5000 5200 5400 5600 5000 5200 5400 5600

m(Dh*) [MeV/c?

® GLW method using Dcp = KTK~ and mhor™
® Partial reco of D* — D% and D%y (soft ©°/~ not reconstructed)

« 0.6

Results * s D*K only  LHCb
KK]pK Acp = +0.126 4 0.014 =+ 0.002 04
] pK Acp = +0.115 4 0.025 + 0.007 03
Depm®]p K —Acp = +0.151 £ 0.033 + 0.011 4.30)
0.1-

Y []




v / ¢3: average [LHCb-CONF-2017-004, HLFAVI

] 1_ ' B ' I ]
@) - / HFLAV BB
1 - 2 VA i
0.8 A | ‘ -

B MNE \ £ GLW .

B 7S \ [777] ADS 7

06E CJocsz

[ Combined |

0 50 100 150
vl v [°)
LHCDb cobminSeclnl HFLAV cobmi2e7d
- +9.1Y\o _ +4.0\0
v = (76.821) v=(76.21%]

® v measurement is dominated by LHCb, who provides
85 observables and 37 parameters

@ \World average is better than 5°
® More to come from LHCb...




LHCb: v from B — DO K* [G.Cowan LP'17, LHCb-PAPER-2017-030

in preparation]

300 Favoured D — KTT mode
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) . : . . O _ _|—
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V,, and V., iInclusive and exclusive

F 5 B | I B I I)l*l I I I N
o B - v -
-, — B—->Dlv _
— B Bomnlv _

E 45 A, >pUV —_— —]
> B b 7P H Inclusive -
— | [ ] Average 68% C.L. B

- I Average Ax’=1 IVl GGOU B
n [Vl global fit in KS -
4 -
3.5 __ —_'
3 —]

B ‘ | ‘ ‘ Summer 2016|
| — P(x?) =7.4%__|

2'5 | ] ] ] | ] ] ] | ] ] ] | ] ] ] | (lX ) ] ] ’ |
34 36 38 40 42 434
IVl [107]

@Both V., and V., suffer from discrepancy
between inclusive and exclusive analyses by 2-30

Vep|(D*ev) = (39.05 4+ 0.47 £0.58) x 10> |Vip|(mlr) = (3.67 £0.15) x 10~
Vep|(incl) = (42.19 £0.78) x 1077 Vip|(incl) = (4.524£0.1540.13) x 10~




Beu_e: B — D*KV hadrgnic tag [arXiv:1702.01521 preliminaryl

Standard method; CLN form Eactor 2
3-angles (8, 8, x) and w (= T 7021 )

mBmD*

d*r(B — D*4)
dw d cos6, dcosb; dx

= f(\Ves|, 0p, R1, R2) ™

FF parameters determined from fit L

p(e\.‘\m\na(\/

50

0
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Lo | = (37.4£1.2) x 1073
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e s e e ]
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w
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500

cosf, .

not filling the gap between
Y inclusive / exclusive
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FF refit: BGL vs CLN
Alternative FF; BGL instead of CLLN

Boyd-Grinstein-Lebed PRD56,6895(1997), Caprini-Lellouch-Neubert NPB530,153(1998)

Belle B— DIv,, CLN
40.93 + 1.33

Belle B— Dlv,, BGL
42.09 £ 1.07

HFAG B—DIv,old
40.46 + 1.49
(CLN)

HFAG B—D*lv,
39.53 £ 0.75

Refit of Belle data
by Bigi-Gambino-Schacht PLB769,441(2017), also by Grinstein Kobach PLB771,359(2017)
1.60
%’\ 1.4;—
N—Q 1.2++ 7
R  _ CILN+LCSR
= I "'I_'._I_, ]
& Q8; s | ; BGL + LCSR
S 06" +“‘I—'—I—'_I_,
04
1.0 1.1 1.2 1.3 1.4 1.5

V.| (BGL)= (40. 4+16) x 1073
IVp(CLN)= (38.2 £ 1.4) x 1073

Reconciliation of inclusive-exclusive?

(CLN)

HFAG B—X v

427 +087°

&

39, 34 36

38 40 42 44
3
VI, 1107

Alsoin B — Diév
(old plot from 2015)




BaBar: B — X,ev inclusive IPRD95,072001 (2017

o E Endpoint analysis
R s @ single bin: 2.1-2.7 GeV
es 10° E_
Zg 105é—
= (b)
ooy B 77 KV HQE parameters from
x % ﬁ w T latest HFLAV fit
1e o LR T 4 <~ 0.54¢
1 15 2 25 3 3.5 > 052F
Electron Momentum (GeV/c) :('Di e : Kinetic
4 different models to extrapolate s
the spectrum (shape function) O T T T T T
m, (GeV)

® DN (1999)
® BLNP (2004) .0

o~ E =
3 0.2k

® GGOU (2007) oas¢

0.1

‘ DGE (2006) 0025 452 454 456 458 4.6 4.62 4.64 4.66 4.68 4.7

m, (GeV)




BaBar: |V, [PRD95,072001 (2017)

5
4.8
546
4.4
4.2
4

3.8
3.6
3.4

1 parameters

IV ](107)

|||II||||||II|III|I||||II|III|III
L
——
>

DN DGE BLNP GGOU === models

@ Lower (= closer to the exclusive) in 3 models
@ Variation of shape function parameters do not affect much
® Model dependence = limitation of single bin extrapolation




BT — £7v and CKM

@® Purely leptonic decay is
proportional to [V, (in SM),

(also sensitive to type-Il 2HDM charged Higgs)

® However, fg is not precisely known

(only from Lattice)

b

Vub

u

Vy

&

@® Instead, more reliable constraint using Am, and other CKM

(then no direct constraint to |V,;])

® B — Tv has been measured,
but no single 50 signal yet
(and previous tension is
no more significant)

® B — v result is wanted
(lepton universality test
is of great interest now)

BR(B - 1v)

0.20 £
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0.10

0.05

0.00
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0.50 055 0.60

065 070 0.75 080 0.85 0.90

sin 23



Belle: BT — ;ﬁu
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ou

Untagged analysis, neural network output, efficiency = 38%
B(B — pv) = (6.54+2.2+1.6) x 1077 € [2.9, 10.7] x 1077 (90%CL)

® 2.40 from null, consistent with Bsy = (3.8 +0.3) x 1077
® One of anticipated early Belle Il hot topics (!)




® Forward endcap installation — very soon
@ Phase Il operation (no VXD, limited physics) — 2018.2.-
@ Phase lll full physics run — ate 2018 on 2019




70

7 60

g3 ™% Goal of Belle 11/SuperKEKB

> 50} =

9 405 — 50 NP observation X0t~ COF

£ L —— 30 NP evidence 5(¢KO)\

= L pased on HFAG 2017 + B2TiP

3 30 S(Ksm)

© n S( /KO)

o n / /

E ZOE B — Tv *PSee/PSpdu,

= - [sumrule (KT )— 9 th

® 10F R( DT )isumrule e months/year

= :R(D*Tul)( ) | IS(P V) 120dayslrlnonth
0'...1 P PR PR T ST R T R ST R N B SR S R 1

2017 2018 2019 2020 2021 2022 2023 2024

> Rich physics ahead!

v Current inconclusive NP “hints” — "50-observed” (?)

v Topics involving neutrals and inclusive: Tv, py, Kvv, Xs, ...
v LHCb upgrade plan covered in the next talk




CKM prospects

0-45 T T T T

T T
¢3

/M | @ All angles are measured with
e 1 ~1% precision

0.40

| @® V,, inconsistency has to be
resolved

® Chance to find the clear NP
< signal ()

<" 0.35 i

New paradigm of
025 .. quark transition

is coming (!?)




Summary

@® Belle and BaBar are finalizing the analysis of CKM

® LHCb pushing down -y, now WA with 5° precision

® V,;, internal inconsistency has to be resolved

@ Major progress by startup of Belle Il and LHCb upgrade




