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Discovery in Flavour Physics

Well motivated. But we need to improve the sensitivity?

p New physics models predict naturally deviation from SM in
flavour and CP violating phenomena.

p But then, what is the indication of the non-appearance of
new physics? And where/how to search it now?

Belle IT] ’

Belle / Bdédi‘

SuperKEKB/Belle II
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Legacy of Babar/Belle

Many 2-30 seen, disappeared, unclear etc...
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Discovery through precision

Anp = (exp. = SM) + &/ (Texp)?+(Tsm)?
= C/(Mnp)"=2
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Belle Il
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Collaboration

Goal of Belle II/SuperKEKB

In 2013, many of the former
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Statistics is not all about Belle II!

Anp = (exp. SN\) '\/(O-exp)z"'(O-SM)z

7 he Sz‘rengih of Belle ITT (Ay re) )]

Statistics: AR PE

Remove also “reducible systematic errors” Jump in the dS sensitivity!
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Full reconstruction of B
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— Belle2 opens new possibilities




Why B2T1P?



Why B2Ti1P

E.RK & P. Urquijo

http://kds.kek.jp/getFile.py/access?contribld=14&sessionld=0&resld=0&materialld=slides&confld=15226

KRER where Belle II 1s hosted 1s the natural gathering point where
flavour physics experts meet to discuss and develop topics of
flavour physics for Belle II.

What's new in Belle I1 What's new in theory after Babar/
compared to Babar/Belle? Belle & LHCD result?
= Efficiencies and precision of] = Progresses in QCD
the new hardware = New physics models and their
= New analysis softwares and constraints
methods = New observables

\ NEW IDEAS /

Deliverable: “RER green report” by the early 2017


http://kds.kek.jp/getFile.py/access?contribId=14&sessionId=0&resId=0&materialId=slides&confId=15226
http://kds.kek.jp/getFile.py/access?contribId=14&sessionId=0&resId=0&materialId=slides&confId=15226

9 working groups

Find details on the B2T1P website

https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP

WG1 G. De Nardo, A. Zupanic, M. Tanaka, I Tackmann, A. Kronteld
WG2 A. Ishikawa, J. Yamaoka, U. Haisch, T. Feldmann
WG3 T. Higuchi, L. Li Gioi, J. Zupan, S. Mishima
WG4 J. Libby, Y. Grossman, M. Blanke
WG P. Goldenzweig, M. Beneke, C.-W. Chiang, S. Sharpe
WG6 G. Casarosa, A. Schwartz, A. Ragan, A. Petrov
WGT Ch.Hanhart, R.Mizuk, R.Mussa, C.Shen, Y.Kiyo, A.Polosa, S.Prelovsek
WGS K. Hayasaka, T. Feber, I£. Passemar, J. Hisano
WGNP | R.Itoh, F.Bernlochner, Y.Sato, U.Nierste, L.Silvestrini, J. Kamenik, V.Lubicz

[: Leptonic/Semi-leptonic II: Radiative/Electroweak III: phil(beta)/phi2(alpha) IV: phi3 (gamma)
V: Charmless/hadronic B decays VI: Charm VII: Quarkonium(like) VIII: Tau & low multiplicity NP: New Physics



https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP
https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP
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e All the numbers to be filled (with some document

attached if necessary)

* We will prepare next 1) Bs Golden channel table ii)
) “Next-to-Golden” channel table.

Y(3/6 s) table iii

https://belle2.cc.kek.jp/~twiki/bin/view/B2 TiP/B2 TIPGoldenModes



https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP/B2TIPGoldenModes
https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP/B2TIPGoldenModes

B2T1P Krakow 2015 highlights

https://d2comp.kek.jp/record/283

Summary of the 2nd B2TiP workshop (Krakow)*

In this short note, we summarize the report from the working groups on the last day of the 2nd
B2TiP Workshop at Krakow (26-29 April, 2015).

The working group conveners are asked to propose five top priority observables, i.e. Belle II golden
modes, and scrutinize them within the B2TiP working groups, namely by estimating the precision
of the theoretical uncertainties and the achievable precision at Belle II with 5, 10, and 50 ab™~! of
data.

> 102 -
§ Belle Il Projection (March 2015) 50 ab
E
3 LHCb [fb™] 33 b1
Many new Belle II simulation g ~e= Belle (1l [ab]
5
- 7
results presented! £ 8 fb! 7
g 10 10 ab™
.(_E
5|3 fb!

Many LHCDb talks:

comparison or competition???

1 ab!

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year



The first data samples: “first-physics”
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First collisions. Belle Il rolled in Full detector.
BEAST commissioning SVD & PXD not installed All systems go.
detector “Commissioning & unique
Belle Il not rolled in data sets”
Beam analysis We need to maximise “first-physics” scientific/
L publication output in phase 2 & early phase 3.




Phase 3 Physics: First O(1 ab™)

Full detector operation. Considering options
for balancing unique, non-Y(4S) samples, and
Y(4S) samples. Proposals required.

1. Y(4S) is our core. Clear motivations to run
mostly at Y(4S) - see @3 projection.

2. Quantitative arguments for running non
Y(4S) [for a few weeks] will be seriously
considered.

Quarkonia(like) / Y(3S), Y(6S), Scans

We won’t decide the program in the
report, only to provide physics cases.

3. Dark sectors and low multiplicity trigger
limited at Belle may have good opportunities
irrespective of Ecm.
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Bg physics with Y(5S) data
There are variety of semi-leptonic B decays, such as:

B, — Dylv, XJlv, KW, X —uly, 771

To investigate further, it is necessary to estimate the efficiency for By full reconstruction. The
working group will clarify the most interesting measurements from theory point of view and com-
plementarity with B, physics.

B physics with Y(5S) data
B — 77 is an interesting channel both for new physics and QCD. The SM prediction Br(Bs —
vy) = (0.18 — 2.45) x 1079 is a factor of 1073 smaller than the current experimental limit set with

120fb=1 of data.

B physics with Y(5S) data

e 2-Body Final Sate:
The By — hh(h = 7, K) decays with an emphasis on By, — KK .

e Quasi-2-Body Final Sate:
B, — ¢’



Introduction:
the b—sy as a window to BSM



Photon polarization of b—sy modes

® The photon polarization of b sy process has ; N
an unique sensitivity to BSM with right-handed
couplings.

® However, the photon polarization has never

been measured at a hight precision so far: an
important challenge for future experiments
such as LHCb and Belle II

In SM

W-boson couples <:::> Y of b —=s Yy should be
only left-handed circularly-polarized

# b s Y (left-handed polarization)
# b s Yz (right-handed polarization)




Right-handed: which NP model?

P> What types of new physics models?
For example, models with right-handed

neutrino, or custodial symmetry in general

induces the right handed current.

Left-Right symmetric
model (WR)

Blanke et al. JHEP1203

SUSY GUT model Orr
mass insertion

Girrbach et al. JHEP1106

2 Which flavour structure?

The models that contain new particles which
change the chirality inside of the b=>sy loop

can induce a large chiral enhancement!

Left-Right symmetric
model: mt/mb

Cho, Misiak, PRD49, 94
Babu et al PLB333 ‘94

SUSY with dr. mass
insertions: msysy/mb

Gabbiani, et al. NPB477 '96
Ball, EK, Khalil, PRD69 ‘04

NP signal
beyond the

constraints from
Bs oscillation
parameters

possible.




Current status on the constraint on the
right-handed contribution

We can write the amplitude including RH contribution as:

4G .,
M(b — SW) = _Wv;fs‘/tb SCE}y\/I + C%P)<O7’YZ +?§1’\VIP<O/7'}/Z
| OC./‘\r/lL OC;C(R -

We have a constraint from inclusive branching ratio measurement:

Br(B — Xg7v)  |C5' 4+ CF |2 + |52

While the polarization measurement carries information on

In this talk
C'7YNP¢O, C?pr=O

Mpr C@JP
Mp C’%w + C’%\IYP

. . . Other scenarios, see
Note: new physics contributions, A.Tayduganov et al.

C+\? and/or C'7y"° can be complex numbers! JHEP 1208




How do we measure the polarization?!

Proposed pedfrods

Atwood et.al. PRL79

»Method |:Time dependent CP asymmetry in

Bs>Kstr%, KsTr* 1Ty, Bs>K*K"Y (called Sksmoy, Kruger, Matias PRD7 |
SKSTr+Tr-y, SK+ K-y) Becirevic, Schneider,
NPB854

. . *1+]-
»Method ll: Transverse asymmetry in B¢=>K'I*| Cronau ot ol PRL8S

(called AT®, AT(im)) E.K. Le Yaouanc, Tayduganov
PRD83
» Method lll: B2K, (=KTTTT)Y (called Ay) Gremm et al’95, Mannel et

al °97, Legger et al 07,
» Method IV: /\b—)/\(*)y, Eb_)E*Y Oliver et al ‘10




How do we measure the polarization?!

Proposed pedfrods

»Method I:Ti _ucb/Belle 1T CP asymmetry in Atwood etal PRL7Y

BdeKsTl'OY, Ks O'smv(o'OZ) Ky (called Sksmoy, Kruger, Matias PRD7 |

SKSTr+Tr-y, SK+K-y Becirevic, Schneider,
NPB854

. . *1+]-
» Method Il.Tran's Ljcb metry in Bs—=>K'I7I Cronau et of PRLES
(called AT?), Aglim O-ATW(O.Z) E.K. Le Yaouanc, Tayduganov
PRD83

»Method Ill: BK, (KT ucb/Bele I Gremm et al95, Mannel et
on0-1-Y- al °97, Legger et al 07,

» Method IV: /\b—)/\(*)Y, === Y .. Oliver et al ‘10




Method I

Method III
Expected constraint from Sksry 07 praoxs) Expected constraint from X — | groxy)
. 0, . e o o a0
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Method Il
Expected constraint from
A71®@, At(m measurement with 10% precision

1.0
I BR(B-Xy) K

\ B BR(B-X,y)

W APB-K ) AV (B-K )

eff
77]

/C

reff
Ty

Im[C

10 —05 00 05 1.0
Re[C; /5] Re[C73/C5y]

Becirevic, EK, Le Yaouanc,

cI’r out that Method I with Bs=>K*K-y gives similar constraints.) Tayduganov arXive:

1206.1502
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CI’r out that Method I with Bs>K*K-y gives similar constraints.)



How do we measure the polarization?!

Proposed pedfrods

»Method |:Time dependent CP asymmetry in Atwood et.al PRE79

Bd—)KsTTOY BAK'KY (called Sksmoy, [ Kruger Matias PRD7

SKS1T+Tr-y, Sk+ K-y Becire’\\/lifc),Bsacshjeider,

» Method ll: Transverse asym
(called AT®), Ar(im)

try in B¢>K'I*I-

Gronau et al PRL88
E.K. Le Yaouanc, Tayduganov
PRD83

» Method III: B—)K|((called Ay

» Method IV: Av=2AOy, ==y ...

Gremm et al’95, Mannel et
al °97, Legger et al 07,
Oliver et al ‘10

Separation of KTITT resonances are essential for
these studies.



Theoretical uncertainties for Ay
Gronau, Grossman, Pirjol, Ryd PRL88(°01)

1 dl 0 dl’
A fO Cosedcose _f—l COSHCZCOS@
-3 body decay — 1
j;lcosediig
. S 5 5 =-0.085
3(Im(n-(J xJ*))) |cr|® — |cL] +0.0/ 9(stat)
1 (|.7]2) cr|? + |er]
LHCb-CONF-2013-009
Right — Helicity amplitude _ Polarization parameter
J of Ki(1")=>KTTTT ‘related to C7,C7’ etc...
@ I )

@4_

..... T RRECRVNNG
...... @
4—

spin | spin 0 spin |

“—— | function—— ~——

: Daum et al, Nucl Phys,B187 (‘81)
Source of imaginary part : Thesis of S.Akar (Babar)

overlap of two Breite-Wigner

* Most likely, K; can decays through (KTT)sTT, too.



Theoretical uncertainties for Ay
Gronau, Grossman, Pirjol, Ryd PRL88(°01)

1 dr" 0 dr"
fO COSHCZCOSQ R f—l Cosedcose
-3 body decay A = 1 g_dr
f—l COS dcos 6
L , , | p=-0085
3(Im(n-(J xJ*))) |cr|® — |cL] +0.01 9(stat)
— = +0.003(syst
4 <‘J’2> ‘CR‘Q + ‘CL‘Q (y )
LHCb-CONF-2013-009
We need J function to [1+] Ki(1270) [1+] Ki(1400)227
intferpret the LHCb result.
2+1 Ky'(1430)?7?
~ 250 \ / el )
<'§ o %) 200:_ \ﬁ /
0.1 | = f H
oosf | < o P [1-] K*(1680)222
‘ 0F— T§ 100 +H % Hﬁ%## | " /
““““ -0. f 5 ; : . = - 'H'HM HH’
ST A ¥ 0 4 e e
P
Sour T 1200 1400 1600 1800 2 0™ 200 1400 1600 "1'80'0"2 (‘81)
overlaf M(Kzm) [MeV/c'] LHCb-CONF-2013-009 ~ MXnm) [MeVic’] "




Strong decay of Ki=2Kmm

How to extract the hadronic information (i.e. function J)?

1. Model independent extraction i.e. from data (most ideal)
A.Tayduganov, EK, Le Yaouanc, in preparation

B—)J/\VKL T-=>KV...
2. Model dependent extraction i.e. theoretical estimate
Modeling J function: A.Tayduganov, EK, Le Yaouanc PRD ‘03

Assume K;=>Kmm comes from quasi-two-body
decay, e.g. Ki2K*m, Ki=pK, then, J function can be
written in ferms of:

»4 form factors (S,D partial wave amplitudes)
» 2 couplings (gK*Km gpm'r)
»1 relative phase between two channel




Strong decay of Ki=2Kmm

RN

How to extract the hadronic information ( Proposition to
: : : B IT!
1. Model independent extraction i.e. from LHCb/Belle S
L/ —— — ltion
Simultaneous fit of B->J/psi K1 & B-> K1 gamma
2. M . [ dIM2do — [T, dlMm2do
M = [ d|M|2d6
_ 3{m(n (J x J*)) lerl* = |ew)?
4 (112) er|® +leL]?
WWWWW}

» 2 couplings (gK*Km gpﬂﬂ)
»1 relative phase between two channel




DDLR method: improved polarization
measurement using B=>K;(=Kmm)y

EK, Le Yaouanc,A.Tayduganov, PRD83 (‘I 1)

dl’
ds13dsosdcos 6

—

1 1 — —
x Z\le(l + cos” ) + )\§[m {ﬁ (J X J*)}COSQ

Applied to the T polarization  pgyier Duflot Le Diberder,
DDLR method measurement at ALEPH "V,’fgug; f BLR306 03

i ¥ The polarization information is not only in the angular
' distribution but also in the Dalitz distribution.

¥ When the PDF depends only linearly to the polarization
parameter, one can simplify the analysis using the w variable.
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Photon polarization with TDCPV
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Photon polarization with TDCPV
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In SM, CP asymmetry suppressed.



Photon polarization with TDCPV
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A large CP asymmetry = right-handed contributions



Photon polarization with TDCPV
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q/pf] Done for B->pKsy->K*m*rm-y at Babar:

The K*r*rr~ final state could come from other
intfermediate states (i.e.K*m, k).

blqf Dilution factor needed to be extracted!
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A large CP asymmetry = right-handed contributions



Time-dependent decay rate of Bs—dy

ATt Al gt
I'go _gcr., (t) = \A|2e_r(s>t(cosh S sinh ()
(s) 2
'I@S Am(s)t -I@in Am(s)t)

— AL (gt Al ot
FB(() =007 (t) = |[A]" e Tt (cosh ( ) sm ( )
-[@os Am gt -l@ln Am(s)t

Useful to study charm |
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#  Oscillation part (q/p) might be the same as e.qg. Bs->J/yo.
# Decay part (p) is sensitive to C7'/C7 !




Expected constraints on C;'/Cy
by S and A%
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by S and A%
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Theoretical Uncertainties



Theoretical uncertainties for Sksmoy

Becirevic, EK, Le Yaouanc, Tayduganov, JHEP 1208

7 The term mi/ms in SM, which is about 2 %. Similar order
to the experimental precision achievable at 50 ab™

7 The uncertainties in the oscillation phase, ®;. Current
experimental error can induce about 1-2% but it can be
improved in the future.

B> Charm penguin, 2% OR 10%?!
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Discussed in detail
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Outlook

2 Many efforts have been and will be made to measure the

photon polarization of the b =>sy process at Belle II and
LHCDb.

2 Theoretical uncertainties, especially from charm
contribution are still under debate and it is important to
continue discussion on this issue.

7 We are working on interpreting the LHCb result on the
asymmetry of the B->Knmy channel based on our
theoretical model for K; strong decay. But eventually, the
simultaneous measurement with B->K;J/y would be the
best way to remove the hadronic uncertainties.

7> We are investigating other channels to measure the
photon polarization. So far, we see some difficulties on B->
VPY channel but hopefully, we can find some way out.
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Constraint of magnetic operator

The b->sy is induced by the electro-magnetic operator. The constraint on the
coupling ¢jj and new physics scale A depend on the chiral structure.

For b->sy: i=2,j=3

SM coupling i
Gemu(VibVis )e

The new physics has
same Dirac/flavour
structure as the SM

The new physics has same
Dirac/flavour structure
but “chirally-enhanced”

The new physics is
“right-handed”
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Constraint of magnetic operator

The b->sy is induced by the electro-magnetic operator. The constraint on the
coupling ¢jj and new physics scale A depend on the chiral structure.

For b->sy: i=2,j=3 C;
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The new  Contribution, observable in the future!
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Current status on the constraint on the
right-handed contribution .7

(a) assume

Re[C(')"P1+0

Im[C (’) 7pr]=O

(b) assume
C'7\\P£0
C7yNP=O

(c) assume

C'7YNP=C7YNP

(d) assume
C'7yNP=—C7 NP

CONSTRAINTS:
[ 1:Br(B->Xsy)
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B :combined

JHEP 1208

Re[C'7

= BR(B—X,y)

= S(B'-Ksn'y)

YNP /C7YSM]




BSM Discovery Channels

o Tee level Charged Higgs [tanbeta-MH=+]

*WG1: B -> tau nu, mu nu

*WG1: B -> D(*) tau nu (R ratio, q2
dependence, angular distribution)

NP in b-> s/d penguins [C7("), C9("), C10(") fit]]

* WG 2: B-> Xs/d gamma CP violation and
BR
* WG 2/3: Time-dependent CP for B-> Ks pio

gamma, rho gamma

eNP in b-> u trees w/wo CP

*WG1: B-> Xulnu

*WG1: | Vub| determination with B-> pil nu
*WG1: WG1: B -> tau nu, mu nu

* WG3: Time dependent CP in B-> pipi, pi rho,

rho rho

NP in b-> s penguins

* WG 3: Time-dependent CP for B-> phi Rs,
eta’ Ks, p10 Ks, KsKsKs

* WG4: phi3 measurement with B-> K pi

*WG35: charmless 2/3 bodies: B -> K*pi, K
rho, phi K*, K*rho, VV, KKK, KKpi, Kpipi

eNP in b-> d penguins

* WG3: Time dependent CP in B-> pipi, pi
rho, rho rho

NP in b-> ¢ trees w/wo CP [Right-handed W?’]

*WG1: B-> Xclnu
* WG4: phi3 measurement via GLW, ADS,
GGSZ, GLS methods

NP CP in b-> d box

*WG3: Time dependent CP in B-> J/psi Ks



BSM Discovery Channels

. L ¢CPV in charm mixing
e[epton universality violation

WG 2: Lepton Universality in B-> Xs 1+1- .W(.}G:.T.Hfle dependent CP in D->KKK, K
(I=¢, mu) pipi, pipipi
eLepton flavour violation *CPV in charm decay

* WG6: Direct CP asymmetry in D->pipi. KK
*WGS: tau -> 3mu

eRare charm decay

*CP violation in lepton sector

e WG6: D-> 1 nu, Ds->1 nu

e WGS: CP violation in tau -> Kspi nu *WG6: D-> K(*)Inu, D-> rho gamma, phi
gamma, gamma gamma, D->missing +
gamma/ pi

eLight-Higgs

*WG7/8: Y(3S) to photon + leptons

eDark matter

*WG7/8: ISR e+e- -—-> photon nothing



Competition!

start 2021

Talk by Vagnoni

Run 1
(2010-12)

3fbt

Yield(Year)/Yield(2015)

10?2

1,l_f

HL-LHC era

Run 4
(2025-28)

46 fbl

LHC era

Run 2
(2015-18)

Run 3
(2020-22)

23 fb!

100 fb'?

https://d2comp.kek.jp/record/234
BELLE2-NOTE-PH-2015-004

b-, c- quark o scale linear with Vs

Run-2 50% less efficient for hadronic
triggered modes

Run-3 will have a new trigger:
recovering efficiency loss in hadron
trigger, no change for muon triggers.
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