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Rare B decays

o FCNC are strongly suppressed in the SM: only loops + GIM mechanism

o Any new particle generating new diagrams can change the amplitudes

energy frontier intensity frontier < NP beyond the direct
SM NP . reach of the LHC
> — < NP
L SM
limited by beam energy limited by statistics

New particles can for example contribute to loop or tree level diagrams
by enhancing/suppressing decay rates, introducing new sources of CP
violation or modifying the angular distribution of the final-state particles

Three classes of SM processes

Oobs = Osm + Onp
SM

NP SMNP NP

: e

SM tree loop forbidden

extremely | precision] good but...
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Test of lepton universality usin

Model candidates

v Effective operator from Z' exchange

v Extra U(1) symmetry with flavor dependent charge

< Models with leptoquarks

v’ Effective operator from LQ exchange

v Yukawa interaction with LQs provide flavor violation
< Models with loop induced effective operator

v With extended Higgs sector and/or vector like quarks/leptons

v" Flavor violation from new Yukawa interactions

B> K"”1'l” decays
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b leptoquark s b 5
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Leptoquarks are color-triplet bosons that
carry both lepton and baryon numbers

Lot of those models predict also LFV
b->seu,b»ser,...

G .Isidori, FPCP 2020: correlations among b-s(d)11' within th-é\ U(2)-based EFT
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LFV B>K'11' decays

Saurabh Sandilya (UC) et al (Belle collaboration)
[arXiv:1807.03267, Phys. Rev. D 98, 071101 (2018) ]
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Belle II can get 90% UL at 10~ ° level with 50 ab™"

Search for charged lepton flavor violating decays of Y(1S)
Sourav Patra (IISER Mohali) et al (Belle collaboration)

4arXiv:2201.09620, to appear in JHEP]



Test of lepton universality using B'»>K1'1" decays
Seema Choudhury (IIT Hyderabad) et al (Belle collaboratlon)

[arXiv:1908.01848, JHEP 03 (2021) 105]
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Who says we can 't study B,
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Deepanwita Dutta (IIT Guwabhita) et al (Belle collaboration)
[arXiv:1411.7771, Phys. Rev. D 91, 011101 (2015)]
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Search for the rare decay D-»>yy at Belle
Nisar NK (TIFR) et al (Belle collaboration)
[arXiv:1512.02992, Phys. Rev. D 93, 051102 (2016)]



cLFV : bevond the Standard Model

long -standing, and well motivated (particularly since the discovery
of neutrino oscillations) programme of searches for charged Lepton Flavour Violation
less stringent limits in 3rd generation, but here BSM effects may be hi
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cLFV: beyond the Standard Model

1t LFV searches at Belle II will be extremely clean with very little background (if any),
thanks to pair production and double-tag analysis technique.

[Belle, PLB 687 139 143 2010]
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In contrast, hadron collider experiments must contend <
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with larger combinatorial and specific backgrounds
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Most improvement in coming decade is expected from Belle II, which can reach
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t LFV decays

Debashis Sahoo (TIFR) et al (Belle collaboration )
[arXiv:2010.15361, Phys. Rev. D 91, 011101 (2015)]

LHCb: UL for t»puu at 3-4x 10" (90%CL)

We search for lepton-number- and baryon-number-violating decays 7= — peTe™, pe”e™, peT ™,
pe—pt, pput T, and pp~ e using 921 fb™1 of data, equivalent to (841 4+ 12) x 10° 7777 events,
recorded with the Belle detector at the KEKB asymmetric-energy e e™ collider. In the absence of
a signal. 90% confidence-level upper limits are set on the branching fractions of these decays in the
range| (1.8-4.0) x 10~%.] We set the world’s first limits on the first four channels and improve the
existing limits by an order of magnitude for the last two channels.
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more observables...

C.Hati et al, arXiv:1806.10146
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interesting modes are t>3u, and Y(3S)>ut



Precision measurements

(0,0) (1,0)

Three classes of SM processes

Ogbs = Osm + Onp

SM
NP SMNP NP
SM tree loop forbidden
extremely} precision good but...
precise




Time—-dependent CP asymmetries
in decays to CP eigenstates

sin2¢, from B—f,, + B<>B—f,, inter.

A (f.t):N(Eo(t)»f)—N(BO(t)»f)
a4 T N(BYt)»£)+N(B(t)-f)

b ch o
Bj" /i{ =SsinAm,t+A cosAm,t




Time—dependent CP asymmetries
in decays to CP eigenstates
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Flavour-Tagging at LHCb

tagging efficiency €, ~50% Same side Kaon tagging
effective mistag  w,,, ~ 39% . Calibration from B, —=D_n
effective tagging power E__HEI:I -2 m“E:l 2 ~24%
from b jet p
/K LUt 3
Same side p
primary vertgx
profon proton
i ‘ ... vertexcharge ta
Cpposite side “, from mﬁ EEI'EI x’ﬂg
Opposite side tagging kaon tagger (K}
Calfjbration from B, — J/bK*
i posifive keptons from
negative lepton taggers b—c—| cascade

tagging efficiency £, ~ 65% Analyses can either use average

effective mistag  w,,. ~ 39% or per event tagging information

effective tagging power E._,E|:1 -2 mng:l 2 ~30%




CC KS and le KL 772x10° BB pairs
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Measurement of sin2g

sin(2f) = sin(2,) [=rn

FRELIMIMNARY

BaBar ;
FRD 79 ( 2009] 072008
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PRD aux@%tﬁ) 112001

BaBar JAy (hadronic) Kg
PRD 69 (2004) 052001
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PRL 108 ( 2012:1 171802
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|—-—.—1
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0.69 + 0.52 + 0.04 + 0.07

1,56 +0.42 + 0.21

0.67 £ 0.02 = 0.01

0.84 *55; £ 0.16
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sin2f at Belle II
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will be dominated by systematic uncertainties
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sin2f with b-s penguins

g

»

J KQw 28)KS, 1K, D*D™,D*D" OK®, K*K ™K,

) j () # # - - - - -
nKs.J WKy, Jhyn®, D D™ KeK9Kom'K® Kgn*,
J WK ol (K VLK ‘;—3::” ) 20 e caom g0

. s’ 0K, fo(980)K g

increasing tree diagram amplitude
—
increasing sensitivity to new physics

—

|
EX-ANOMALY'!

first reported in Moriond EW 2002
"'sin2p'' =—-0.73 £0.64+£0.22

[PRD 67, 031102 (2003)]
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sin2f with b=2s penguins  dominated by

B-factories
T YKy (28)Ks, %K, D“D~,D*D" 0K°, K*K K,
nh":’] w{:]’ -:-: Jym®, D" D" Aﬁ;hg'hf;,ﬂc“,fc_f;’n 0
MR ok?, /,(980)K}
increasing tree diagram amplitude More statistics crucial

— for mode-by-mode studies

increasing sensitivity to new physics
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Mixing-induced CP violation
Remember B° » J/yK3 :

Vi V
d —m td [—[ . 0 b o I | | ]
Be ty At DB, :
P L W | 4 |:|.5:

Vi Vi

interferes with

&
in

Raw asymmetry (good tags)
=)

What about B°»>yKJxn’ ?

In SM mainly B’ K¢ n’ yp and B >K2 =" y, : K a’y behaves like an effective flavor eigenstate,
= mixing-induced CP violation is expected to be small S ~—-2(m_/m,)sin(2¢,)



B->K (KJn’)y

time —dependent decays rate of B->f .y
S and A: CP violating parameters

In SM, the photon from b-sy is (mostly) lefthanded (polarized).
= Mixing induced (time-dependent) CPV does not occur in B=>f_.,y

SM favored

br

helicity flip
e M, ~ 4.8 GeV

M L

\SL

o .
s /

%vm

b

SM disfavored,
enhanced with RH current

YR
b, R

Deji
- a;fc/?’gff’?:b
7 Gey, SR
St
DR
YL

SM: SKY~—(2m./m,)sin2p ~—0.04
Left-Right Symmetric Models: Sg}’ ~ 0.5
|D. Atwood et alszL 79, 185 (1997)]



Constraints on NP from radiative B decays

At Belle II, expect significant improvement in the determination of A_,(t) in Kgnoy

o Belle II SVD larger than Belle (6 » 11.5cm)
= 30% more K, with vertex hits available, effective tagging eff. 13 % better

HFLAV
SK,Y=-0.16 + 0.22
AXY =+0.04+0.14

* Expected errors for § measurements of K.y and p%.

Mode | 5ab? |50ab™ < S e

@ ETTRIIE 0.6|— Bote 2106 | -
= .. - ~«‘- - K%y 0.09 0.030 eees Belle I, Bab” ]
s i T N R e Bglle |, B0ab” : 1
i POy 0.19 | 0.064 0.4¢ :

(- A NN ﬂ,E:— i E
S D- Nl W ST Y R _]

10" bl

:;;; 0.2 -

04 :

- SvsA in B—=K“y :

E-H.Ignt'r EHH _UIE.I...I...|...i...|...|...|.'

b D EHE -06 -04 02 0 0z 04 06

1{]-2 - [ R [ A | L |I||I|ﬂ2 S
10 L 10 11 160 deviation with 50 ab1,

ahy’



Motivation

s
L‘ir:f I{h
VeV

1h

=s=
1{'.:! H'."}

‘ Hm" V#‘

0.0) 1.0

k
Vv V .V _ d b
o= arg(—vt01 th ), B Earg(—v"dvfb), Y = arg( Vu V: )
ud Y ub td Y tb cd cb

In Wolfensteing parameterisation, up to order A*, all the CKM
elements involved are real except V., and V,,:

V, , *
a~arg(—), prarg(-Vy), ¥~ arg(=Vy,)

ub




y measurements from B*-» DK™

o Theoretically pristine B»DK approach
o Access y via interference between B~ » D°’K andB™ » D°K"~

u
B K~ relative weak phase is vy
; w 5 relative strong phase is §j
(i
|Asu ressedl
B‘O ODD rp=—— %
-~ s |Afav0ured|
“ | Vi Vi |
_ _ _ =0 _ * chb Y us
B »D°K ~V_V._ B DK ~V,, Vg = 0.1-0.2

~AN(p+in)

: DK™ S\NPA. T RY o FiSGe N D->K'K ™, n'n ..
Bt-)DB*K_-)r D-»Dx’ Ty @ehSE DK, K.
B D K" D*->Dﬂ: =<7 GRS - gen¥ D>KKx', anx’...
’ Y iy i

];;ZI];E*; DéKSnnno
...
B*>DKaxan D

B-...



Motivation

b - T T T T T ] 0.7 T ! T T T T -
C e ] = [ " ! -
08 E-d d K cER e 05 __d ; f —
=1 = = 1 -
05 — i =] 05 —g ; i
= ?; SIHEﬁ s 21 - — g ' -
- @l abiil - ] - H — -
04 (3 — 04 3 ' C nt =
= B = = ES D =
03 :-— —: 03 :— - _:
E - - it -
02 — —] oo O T
= 3 C Ivl.t-l =

0.1 — — 01 = —
= ¥ B 3 = Ao B -
gp b+« 1 2 L U U SR N R = on E A - [ P B § ..~
N4 -0z LN ] 0.2z 0.4 s LIE:] 1.0 0.4 02 0.0 0.2 0.4 X3 [i K] 1.0

=l
=l

Loop processes more easily L V TI"
altered by presence of NP OOp S ee

constraints on the apex of UT currently
more stringents from loop measurements

Why vy is a key goal ?

y is least well measured parameter of UT
Theoretically pristine
with LHCb and Belle II the ideal degree level precision is possible



Direct CPV (CPV in decay)

|- T(B>f) 1-|AJA
)+ T(B>f) 1+]|AJ/A,

(
(

In order to have non-vanishing CP asymmetry, Asym#=0, the B=>f decay
amplitude needs to receive contributions from (at least) two different terms

with differing weak, ¢, ,, and strong phases, o, ,

_ T'(B~>f
ASYM = 1§57

aleiqf)l +101

as eiqﬁz +102

Af _ GlFi¢1+i51 4 Ggpiﬁﬁz—l-iéz
Af _ alF—i¢1+i51 4+ 02{;—1'@%1’52



Direct CPV (CPV in decay)

Af _ Gl{;iéf’l +id1 4 Gg{jiti’z—l—zﬂz

Af — GlP_i¢l+i51 4+ 02{;—1@24—1’52

The weak phases are due to CKM phase in the SM Lagrangian and change
the sign under CP transformation, while the strong phases are due to on-shell
rescattering of particles (pions, etc) and are thus CP even, the same as QCD
interactions. The CP asymmetry is, in simplifying limit a,/a, <1,

Ap = f sin(¢go — ¢1)sin(d2 — 61) + O(a3z/a?).

The CP asymmetry vanishes in the limit where either

(i) there is only one contribution to the amplitude a,->0
(ii) if the weak phase difference vanishes, ¢,—¢,2>0
(ii1) if the strong phase difference vanishes, 6,—9,-0



y measurements from B*-» DK"
o Theoretically pristine B » DK approach

- Access y via interference between B- > DK andB™ » D’ K~

7l
color allowed
B »D°K ~V_ V.

color suppressed
B »D°K ~V,_,V,,

~A 3 ~AMN (p+in)
V.V’ V..V,
CKM elements involved are ——2 while y = arg(— ud fb)
Vusvcb VchCb
V..V 4
- Yy =L gt A 00

= leading order correction on y is of the order A° ~ 10™* (negligible)



y measurements from B -» DK™
o Theoretically pristine B » DK approach

- Access y via interference between B- > DK andB™ » D’ K~

i
color allowed
B »D°K ~V_ V.
~AM\°

color suppressed
B DK ~V,_, V.,
~A M\ (p+in)

relative magnitude of suppressed amplitude is ry

. | Asuppressed | N | Vub V
- >k
| Afavoured | | Vcb Vus |

*

cs |

'y X|color supp|=0.1-0.2

relative weak phase is y, relative strong phase is &y

= for Dx: same dependence to y, but different r; ~0.01 (V. >V , V.2 V)



vy, first principles...

D°K DK+
m’ m’ \
(f}nK‘ B f)pK*
y

K’A ?’DE‘ \_
IJK DDK+

A(B»D°K)=A, and A(B »D°K )= ABrBe“f’B‘”
A(B*»D°K*)=A, and A(B'»D°K*)=A,r e'™"

¥

amplitudes of the subsequent D’ and D’ decays to a common final state f
A(D°»f)=A, and A(D’»f)=A_r e

assuming direct CPV in D decays negligibly small: A(D°»>f)= A(D°>f) and A(D°>f) = A(D’>f)

A(B- - D(— f)K")=A(B- - D’K")A(D" - f)+A(B~ — D'K")A(D" - f)
= ABAD?’DEmD +ABI"BE‘£{6E_Y}AD,
A(B* — D(— f)K*)=A(B* - D’K*)A(D° - f)+ A(B" — D°’K*)A(D" - f)

= ABAD +ABTB€I{5E+Y}ADTD€IéD.




vy, first principles...

rates of B »DK™ and B"»DK"
|A(B~— D(= f)K)|" = |4gPIAp [ 13 + r} + 2rgrp cos(65 v~ 3p)),

|A{B‘ — D(— f)K™) ‘2 = |Ag|*|Ap|? [ré + 1§ + 2rprp ca15{<55+*}f—65}].

if D final state f is CP eigenstates (GLWmethod ):
r, =1, and 8, = 0 (=) for CP-even (odd) eigenstate

A _ LB~ > D(= f)K7)-T(B* - D(= f)K¥)
P I'(B-— D(— f)K™)+I'(B* - D(— f_}K+)’
2r;Sindgsiny —2r;Sind;zsiny

ACP+=

Acp.=

- 2
1+1r,°+21r,C086,C0OSYy 1+1r,°—21,C088,COSy



y measurements from B*-» DK*

» Reconstruct D in final states accessible to both D° and D"

— D =D, CP eigenstates as K'K ™, n'n~, Knt’
GLW method (Gronau-London - Wyler)

— D =D,,,, Doubly-Cabbibo suppressed decays as Kn
ADS method (Atwood-Dunietz-Soni)
— Three-body decays as DK n'n, KiK'K™

GGSZ (Dalitz) method (Giri-Grossman -Soffer-Zupan)

o Largest effects due to

— charm mixing } negligible

. . Y .Grossman, A.Soffer, J.Zupan

- Different B decays (DK, D'K, DK')

— different hadronic factors (ry, 8;) for each



y measurements from B*-» DK*

o Theoretically pristine B-»DK approach
o Access y via interference between B~ » D°’K andB™ » D°K"~

p-value

(¥

KT
W — 5
b c
~
[ [ 'DD
\ \/

(1

color allowed

B »>D’K ~V_V,,

1.0

0.8

0.6

0.4

0.2

0.0

3
~AM
=
=
_ --- Belle 3 Combined §
| ]
ICHEP 16 ol 01 - | 5 o A BaBar 5
Full Frequentist treatment on MC basis E’
| [ | ) | | i TR | ] T T T ] T E T I N ] T T T | I | T | T o ] T T T E
i h i
L 4 b %l:"!
S G ~J 4 el
C Y
—_ .""._: -
i -
- ". \'\
B R T 07 BT:‘:LJJ PRI ot O OR[N [ L
0 20 40 100 120 140 160 18(
¢

34

relative weak phase is vy
relative strong phase is 0g

r,~0.1

11 LK

color suppressed
B »D°K ~V_V__
~AX(p+in)

]

=

==]

0

(too) conservative estimate

Belle Il

Projection (July 2015)

LHCb
-8~ Belle (Il) 70% data Y{4S)
—8— Belle (Il) all data Y(4S)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

long way to go ...{® o,= 1" or less ?)



BPGGSZ study B»>D(K2h"h)h"

Niharika Rout (Madras) et al (Belle/Belle II collaboration)
[arXiv:2110.12125, THEP (2022) 63]

BPGGSZ Method Study of B~ = D(— KQh*h™)h™ h=nx

First Belle + Belle I analysis

pion enhanced L{K/m )<0.6

O Analysis with 711 b~ Belle data and 128fb~1 Belle II data

= :: : ].L:mfu I ﬂ it e o [Lu?m.-:w-u' chaia s
: : : 2 imel X D H

O Unbinned 2D simultaneous fit of AE versus C 2wl /E _-EE g g _ N
- = it B S ] | S background 2 G, . = WS .
(right plot) for B~ — D(KJm*m~ )K~. el sHbecsgra ] e o S T
| Componcnt FINF [ALC) PDF (FEDT,. . w N 1 mnf . . .
Signal DG + Bifur-Gaus paly (1st) . : ol e
i hkg capn + poby] Chebychey paly-15t{2nd) = & P z L P S a |
a9 bhg hebyches poly (1st) 2 expo e OB ] om0l nis STUET NE 03 U4 BR Bh RF nA 0nE 1

LR (D7) component Dz + Bifur-Gaus Chebyches poly [1st) AE [Ge] [

kaon enhanced L(K/m )=0.6

O Performed simultaneous fitin 160 categories;

80(16 4 + 4% 4) of Belle and 80 of Belle II . it
i i 3 5
O Signal region : T JAE| < 0.05 GeV : E :
b !
R EH
+ 065<(' <10 i S of
bé‘
:I_: i M- - . A .
{.I’..._.:I.-?_:.} = I'EI[E'DE{¢3 + EE-:I_. Slli]{li:lg :l' 55—}} are o T i 55 GR 07 0A 54
e ¥}

common to all the bins and are extracted from the
fit



BPGGSZ study B»>D(K_;h"h)h’

Niharika Rout (Madras) et al (Bell¢/Belle II collaboration)

First Belle + Belle II analysis [arXiv:2110.12125, JHEP (2022) 63]
4 J Bellz 7 ‘1: J Eelle 1l ;
oa %‘; 51 Ldt=7111p g 2. Lok =158 fin
i Belle + Belle I z T b ; 4 lmy v N8
0.2 —— :E" 0 —.-.+.F" e e il W adaid - 2 0 T B ey s = -f-‘""“{
0.1 z'.- ol Z‘_E i
ol - . Kizn it - ) F:E':'Ermi KKK
e 4202406 820 2 ‘B34 2Z 0 24 6 B2 O 2
-0.1 Bin, Bin,
-0.2 05 — 05 f e
| | | = i : 3 Lt =126 16"
0%3 0z 071 0 07 02 03 =z j‘m ik = | : 2o l
¥ 2.T -, él 3 |
= UHHJ'T"'_HI'_I—'—;—--iH-.-L.L H—_-L = u-J——L -"“1-""" FiTT Jr.....w
AN 7 -
Uncertainty ~14° in earlier Belle measurement - i ) ) = ] )
PhysRevD.85.112014 » o i T SO Kimn || Kk
o O3 8 420 2 4 & B2 0 2 884 -20 24 6 8& 0 2
O Preliminary result : Bin, Bin
bp(°) =124.8 + 12.9 (stat.) + 0.5 (syst.) + 1.7 (ext. input) s 12 "\ Belle 1 Projection (uly 2019 -
gt =0.129 + 0.024 (stat.) + 0.001 (syst) + 0.002 (ext. input) £ [ . .
B3(°)= 784 + 11.4 (stat.) + 0.5 (syst.) + 1.0 (ext. input) 5 m.E \\ .
& B:HM“\ i .
First measurement of the CKM angle § with B*»D(Kon" n n°)K* A: . \\\ .
Resmi PK (Madras) et al (Belle collaboration) - TR
[arXiv:1908.09499, JHEP 1910, 178 (2019)] ab
Evidence for the suppressed decay B>D(K*x'n")K’ 23_ o 0 sty
Minakshi Nayak (Madras) et al (Belle collaboration ) - ete s e :
[arXiv:1310.1741, Phys. Rev. D 88, 091104(R) (2013)] ol Lo Lo Loy |

2015 2016 201? 2018 2019 2020 2C'21 2022 2023 2[}24
long way to go ... (%o, = 1" or less ?)



sin2f+y |[method]

u ¢ ")
oo D
d d
b < < ¢ : > > u
g’ D" B" o
d d d < d
I'BY = D'"n ) =all - Ccos(AmAt) — 8§ sin(AmAt)],
[(BY— D 1" =all +Ccos(AmAt) — §~ sin{AmAt)),
Tan — D""a7 ) = all + Ceos(AmAtL) + 87 sinl AmAdt)],
—At|/T o
T(B” + D" a%) =a[l - Ccos(AmAt) + § sin(AmA)]. | a=-e 2 /8 Tgo

S*=—(2R/(1+R7))sin(2p+y = d)
C=(1-R*)/[1+R*) =1
though large samples, R values expected to be small | = 0.02)

CF

amizf

®F
amiae
ao1ap

.} DCSD

A{inps)




Time - dependent measurements

- All of the measurements presented so far were time-independent
> Time-dependent measurements (mixing induced CPV) also possible:
— B»D"x, B"»D"p
- In order to extract y from B- SS/SV decays, must supply r = |A /A

externally (expected to be ~ 1-2% |, usually assuming SU(3) symmetry

1 C N
) T|:+ D': -
d d
I:]' w < ii ) b > > N
B - B" o
d > d i < d

In B> VV decays, one can extract all physics parameters from data
Belle study: ~ 100k evts per ab™",

3 helicity configurations: A = Z;,_ A,
we use Cartesian coordinates {r,, 0,, 9.} 2> {x,, Vs, X3, Vi }
o(2p+y)=11" for Belle IT with 50 ab™"



D xn” time-dep analysis and sin2p+y extraction

Seema Bahinipati (UC) et al (Belle collaboration)

[arXiv:1102.0888, Phys.Rev.D84:021101, 2011]
u
T
W d
. b
) + - - “ “ C
Si — @ln(a—gzﬁ }')) H” D -
1+R d = d
CF decay
C
i )T
_IA(B°» D*x)| s~
7 JA(B® Dat))| b 2
BY T
d = i)
DCS decay

expected to be around 2%
can't be measured directly from Dax analysis, need other inputs...

—
—



B->D_ n

(]

H'FFV< d
b - -

C

d . d

Nikhil Joshi (TIFR) et al (Belle collaboration)
[arXiv:0912.2594, Phys.Rev.D 81 (2010) 031101 ]

Abinash Das (TIFR) et al (Belle collaboration)
[arXiv:1007.4619, Phys.Rev.D 82 (2010) 051103]

r

s 5
W d n"-‘§<® 0 Lt -
iFJ - -+ T h - "—"'tﬂll’E fD 'B[:B -}D5n )

Ij[l _ hlll . N " I"D
ﬂT = ﬂr . ”I - tl' :
B(x107°) Exp. Ref.
25+4+2 BaBar arxiv:0803.4296

19.9+2.6=1.68 Belle
26.7x2.0=2.2 LHCb LHCb-ANA-2015-037

arXiv:1007.4619

= following arXiv:1208.6463:r, =(1.70+0.08+0.25(theo.))%



% Observation of CP violation in charm
[Phys. Rev. Lett. 122 (2019) 211803]

full Run 2 data 5.9 fb*! N —
LHCb : e L o

count how many D? and anti-D° decay into 't and K’'K™ = ¢ . mmD) KK
é - - e D’ > Kt
should be equal if matter = antimatter A’ - K
i —-D}!>KK'nt

i ---- Combinatorial

experimentally: easier to measure (time integrated)
difference in CP asymmetry:

AA=Aq (K K')—Ag(n )

Candidates / ( 2.8 MeV/c?)

1800 1850 1900 1950
m(K"K") [MeV/c?]

. . } Data ]

* many systematics cancel at first order Y

lo& ]

* initial flavour of D meson tagged by charge of 1t in
prompt decays (D** - D), and by the muon

charge in secondary production (B° - Dy X)

i D’ - nlty,
----- Combinatorial

1l

<u

1 IlIllIlI

combination with Run 1 result
AA_.=(-15.4 = 2.9)10"

Candidates / ( 2.8 MeV/c?)

1800 1850 190[]. — .IQSUI =
m(r—mt) [MeV/c?]

— 5.3 o difference from O

— roughly compatible with SM predictions
WA dominated by LHCDb

uncertainties of SM predictions larger
than data



Further CPV studies in charm

+ + 0 0 0 Varghese Babu (TIFR) et al (Belle collaboration)
D >ann,D=anxn [arXiv:1712.00619, Phys. Rev. D 97, 011101 (2018)]

NK Nisar (TIFR) et al (Belle collaboration)
[arXiv:1404.1266, Phys. Rev. Lett. 112, 211601 (2014)]

Acp(D* - z*a’) < 107 Would be smoking gun
in the SM due to isospin symmetry for NP

PLB 302 (1993) 319, PRD 85 (2012) 114036

— + c S w1 d !
o |7 , o . 70
W} d g . I " v/Z ?_R q

D+ 5

C d u c
Dt { i }71'0 }?r+ Dt { rJ_L"\/\,r\f“f-_l }ﬂ'+
d d d d d d
...but not for NP
0 00 Nibedita Das (IIT Bhubaneswar) et al (Belle collaboration )
D" >K:Kq [arXiv:1705.05966 , Phys. Rev. Lett. 119, 171801 (2017)]
«  CPYV could be enhanced up to the percent level
Nierste & Schacht 2015
c > s,d c s,d
g
W' d} hy d, Y
d,s d s
u < s,d u penguin annihilation s,d
exchange

Figures from Cheng & Chiang 2012



B -factories produce lots of cc-like pairs

Color-suppressed B deca Two photon Production

b oo < - e - =
éﬂw,w',
W Vs Acq -

y ot 1- 1°* - @c,nc(2s
J ) e .
O-+ 0++ 2-+ 2++
E: -~ C_:I é 5 e

Brs~10* (inclusive)

Double Charmonium Production
e
Jhy w(2S)

() I

C =+ states




Spectroscopy in one slide...

Observation of X(3872) - J/vyy and Search for X(3872)- 'y in B decays
Vishal Bhardwaj (Panjab) et al (Belle collaboration)
[arXiv:1105.0177, Phys.Rev.Lett. 107, 9 (2011)]

Evidence of a New Narrow Resonance Decaying to x.,y in B>y, yK

Vishal Bhardwaj (Nara U) et al (Belle collaboration)
[arXiv:1304.3975, Phys. Rev. Lett. 111, 032001 (2013)]

Observation of X(3872)in B>X(3872)K n decays
Anu Bala (Panjab) et al (Belle collaboration)
[arXiv:1501.06867, Phys. Rev. D 91, 051101 (R)]

Inclusive and exclusive measurements of B decays to y ., and x_, at Belle

Vishal Bhardwaj (Nara U) et al (Belle collaboration)
[arXiv:1512.02672, Phys. Rev. D 93, 052016 (2016)]

Search for the B>Y(4260)K, Y(4260)» J/yx' «” decays
Renu Gargh (Panjab) et al (Belle collaboration)
[arXiv:1901.06470, Phys. Rev. D 99, 071102 (2019)]

Search for X(3872) and X(3915) decay into %, n in B decays at Belle
Vishal Bhardwaj (Panjab) et al (Belle collaboration)
[arXiv:1904.07015, Phys. Rev. D 99, 111101 (2019)]



Belle 11, a flavour -factory,
a rich physics program...

> We plan to collect (at least) 50 ab ' of e"e” collisions at (or close to)
the Y (4 S) resonance, so that we have:

— a (Super) B-factory (~1.1 x 10° BB pairs per ab™ ')

1 1 . g 25
on resonance'' production = 1 ]
. 0R0 1+ n- it | TAD ]
e'e > Y(4S)»B;B;,B'B B,, B 20 i energy threshold
@) St FEE for BB production
: i 1
Y (48) @ —  ud g SRCI & Y(38)
@ \ —— T : Iw' i | 4 .'P\\ Y (4 S)
= > Vg P il N, . AT ks o
o 2 B's and nothing else ! B B @ gl . . 7 : ‘
. d J ~ 9.44 946 10,00 10.02 10.34 1037 10.54 10.58 10.62
o 2 B mesons are created simultaneously o) Mass (GeV/c?)
in a L=1 coherent state .

—_—

_Ia< c':___:' hadrons
= g had
—___ hadrons

e

— a (Super) charm factory (~1.3 x 10° cc pairs per ab™")
— a (Super) 1 factory (~1.3 X 10° " v~ pairs per ab_l)

— with Initial State Radiation, effectively scan the range [0.5 - 10] GeV
and measure the e" e - light hadrons cross section very precisely

— exploit the clean e"e” environment to probe the existence of exotic
hadrons, dark photons/ Higgs,41%ght Dark Matter particles, ...



Total integrated Weekly luminosity [fb1]

Belle 1I1's first steps...

Belle Il Online luminosity Exp: 7-25 - All runs

1 7 . 5 e Integrated | um|n05|ty .................................................................................................

mm Recorded Weekly L 350
15.0 4 . IERECOFdEdth357-23[fb_1] ..........................................................................

- 300

- 250

- 200

- 150

Total integrated luminosity [fb™1]

0.0 - TTTTTTT 1T TTTT TTT1

SRS

Date

Updated on 2022/05/02 01:54 |ST

long way to go for 50 ab™'...
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