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Introduction:
Searching new physics in B physics



Flavour Physics within SM

In SM, the difference between mass and interaction basis explains, the GIM
mechanism, the CP Violation! Very concise!

Ly Z@( ;bi )UjR‘I_( _ﬁ)j )de+h.c.

> Yukawa couplinc
Glashow, Illiopolous, Maiani ‘70 Cabibbo ‘63
(UEL,R)TUg,R =1, (Ug,R)TUg,R =1

Flavour changing neutral current suppression

Kobayashi, Maskawa ‘73

ajgﬂIﬁiEEVbKN[
Charged current: CKM matrix

Origin of CP Violation
(complex phase)!

Cronin, Fitch, Christenson,Turlay ‘64

© Vckm: Cabibbo- | |
Kobayashi-Maskawa
| matrix

FCNC
suppressed




What has been

Observed Quark masses

st generation 2nd generation 3rd generation

up type up charm top
charge 2/3 2.2+0.5MeV 1.27+0.03GeV 173.21+0.87GeV
down type down strange bottom
charge -1/3 4.7+0.5MeV 96+6MeV 4.18+0.04GeV
charged electron M T
lepton  0.511MeV 105.7MeV 1.78GeV
charge -1
neutrinos v, Vu Ut
charge 0 (2 oeVv <0.17eV <18.2eV

Observed Quark mixing Vckm

down strange bottom
up Vus Vub
Q.97370+0.000 0.2245+0.0008  0.0038210.00024
charm  Vcd Vceb
0.221+0.004 0.997+0.011 0.041010.0014
top Vtd

1.013 £ 0.0

confirmed?

v SM does not say anything about
the Yukawa coupling so the
masses and the couplings are not
predictable.

v Vckm has to be a 3x3 unitary
matrix which includes only
one complex phase.

v'N.B. LHC and LCs can tell us the
linearity of the masse and the
Higgs coupling.

Vckm: Cabibbo-
Kobayashi-Maskawa
matrix
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What has been confirmed?

Observed Quark masses

st generation 2nd generation 3rd generation
up tvpe ubp charm tAn :
ch v SM does not say anything about
dov . t | the Yukawa coupling so the
£ = | FulliLc Program ; masses and the couplings are not
g’ i 250fb'1 @ 250GeV .
ct St 1000t @ 10000eY predictable.

v Vckm has to be a 3x3 unitary
matrix which includes only
one complex phase.

o v N.B. LHC and LCs can tell us the
e 0o linearity of the masse and the

—

DBD 2012 r Higgs coupling.

Do fermion masses come entirely § S— —

rom the Yukawa coupling? - @%

w Kobayashi-Maskawa =g
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What has been confirmed?
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p Successful explanation of
flavour physics up to now!
Hundreds of observables
(including dozens of CPV) are
explained by this single matrix.
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Flavour Physics beyond SM

The indirect search of new physics through quantum effect: very powerful tool to
search for new physics signal!

p This very simple picture does not exist in most of the extensions
of SM: suppression of the FCNC is NOT automatic and also

extra CP violation parameters can appear.

—

SUSY: Quark and
Squark mass matrices
can not be
diagonalized at the
same time —> FCNC
and CP violation

Mutli-Higgs model,
Left-Right symmetric
model: Many Higgs
appearing in this
model —> tree level

FCNC and CP

violation

Warped extra-
dimension with
flavour in bulk:
Natural FCNC
suppression though,
K-K mixing might be
too large due to the
chiral enhancement




Flavour Physics beyond SM

The indirect search of new physics through quantum effect: very powerful tool to
search for new physics signal!

p This very simple picture does not exist in most of the extensions
of SM: suppression of the FCNC is NOT automatic and also
extra CP violation parameters can appear.

Excessive occurring of
Existence of new particles :> FCNC & CP violation
process



Flavour Physics beyond SM

The indirect search of new physics through quantum effect: very powerful tool to
search for new physics signal!

p This very simple picture does not exist in most of the extensions
of SM: suppression of the FCNC is NOT automatic and also
extra CP violation parameters can appear.

Excessive occurring of
Existence of new particles <: FCNC & CP violation
process



Legacy of B factories

B factories: e+e- circular collider with energy at Y(4S)(—BBbar)

Integrated Luminosity(log) Evidence forB = TV

700. ..... M B e p EMEMEI S o o e q
Observation of b = dy
500 Evidence for direct CP C?bservat.ion of dir;ect_CP
| violation in B = K* 11~ violation in B = p* p
g 0T ] Nobel Prize to Kobayashi-Maskawa
X Measurements of mixing-induced

* CP violation in B 2 ¢$Ks, n’Ks etc q (2009)
[ | | Origin of CP violation in Standard
Observation of CP Model

violation in the B meson system

KEK (Japan) =Belle/KEKB
SLAC (US)=Babar/PEP-II
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Legacy of B factories

Discovery of charm/bottom exotic bound states

State M, MeV I, MeV JFC Process (mode) Experiment (#o) Year Status
X (3872) 3871.69 £ 0.17 < 1.2 17t B = K(nTn~J/v) Belle [1050, 1138] (>10), 2003 Ok
BaBar [1139] (8.6)
X(3 872) pp — (n T J/4p) ... CDF [1140-1142] (11.6), 2003 Ok
DO [1143] (5.2)
pp — (T~ J/P) ... LHCb [1144-1146] (np), 2012 Ok
CMS [1147] (np)
Y (4260) — v (nTx~J/¢)  BESIII [1148] (6.3) 2013 NC!
B — K(wJ/) Belle [1149] (4.3), 2005 NC!
BaBar [1150] (4.0)
B — K(vy J/1) Belle [1149, 1151] (5.5), 2005 Ok
BaBar [1152, 1153] (3.6),
LHCb [1154] (> 10)
B — K(y¢(2S5)) BaBar [1153] (3.5), 2008 NCI!
Belle [1151] (0.2),
LHCb [1154] (4.4)
B — K(D°D*%) Belle [1155, 1156] (6.4), 2006 NC!
BaBar [1157] (4.9)
Z.(3900)T 3891.2 + 3.3 40+8 17T Y (4260) — 7w (w ' J/4) BESIII [1158] (>8), 2013 Ok
Belle [1159] (5.2),
ZC(3900)+ CLEO data [1160] (>5)
Y (4260, 4360) — CLEO data [1160] (3.5), 2013 Ok
70 (x0T /) BESIII [1161] (10.4)
Y (4260, 4390) — BESIII [1162] (2.1) 2013 NC!
7 (7T he)
Y (4260) — 7~ (DD*)™ BESIII [1163, 1164] (18) 2013 Ok
Y (4260) — 7°(DD*)° BESIII [1165] (>10) 2015 Ok
Y (4260) 4221.14£2.5 47.74+40 1~ ete™ = (ntn~ J/4) BaBar [1210, 1211] (8), 2005 Ok
CLEO [1212, 1213] (11),
Y(4260) Belle [1159, 1214] (15),
BESIII [1158, 1215] (np)
ete™ — (7%70J/9) CLEO [1212] (5.1), 2006 Ok
BESIII [1161] (np)
ete™ = (KTK™J/) CLEO [1212] (3.7) 2006 NC!
ete™ = (f0(980)J/%) BaBar [1211] (np), 2012 Ok
Belle [1159] (np)
ete™ = (nT7n he) BESIII [1162, 1216] (10) 2013 NC!
ete”™ = (n%7%h.) BESIII [1166] (np) 2014  NC!
ete™ = (wxeo) BESIII [1217] (>9) 2014  NC!
ete™ — (v X(3872)) BESIII [1148] (6.3) 2013  NC!
ete™ — (m~ Z.(3900)") BESIII [1158, 1164] (>8), 2013 Ok
Belle [1159] (5.2)
ete™ = (7°Z.(3900)?) BESIII [1161, 1165] (10.4) 2015 Ok
ete™ — BESIII [1162, 1166, 1169, 2013 Ok

(rF:°2,(4020)%:9)

1170] (>10)

PRL115 (‘15)

PRL91 (‘03)
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“identified charmonium
“un-identified charmonium
*Newly discovered state
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B Anomalies
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Coming years for B Physics

Competition/Complementarity between Belle 1l vs LHCb
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L=4x1032cm2s1 Upgrade Il : L =2x1034 cm2.s!
LH Cb 1.1 interaction per ~50 interactions per bunch

crossing

crossing
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~300 fb! (Run>5....)
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B physics in nutshell...



Trees, Boxes and Penguins

Basic quark level interactions in SM for B physics

W + CKM elements Vep,up measurement”
+ New physics In the tree

+ FCNC process (rare decay)
+ New physics in the loop
+ CKM elements Vi s measurement

+ FCNC process (oscillation)
+ New physics in the loop
+ CKM element Vig s measurement”

*Including its phase



SM Effective Hamiltonian

Basic quark level interactions in SM for B physics

+ All the four fermi interactions are described Effective Hamiltonian.
+ The Wilson Coefficient includes the QCD correction and its
renormalisation running from mw to mp scale.

b W g
C \@/

VGIVIJIVT e+l I1+,T+ H?ﬂg‘BZl — 467YTQF)\CKM Z CZOZ
_ e :
O = EL’}/MVLEL’}/'LLbL 09 — 167T2 KVMggLfyubL
2
e _
O10 = Eyu sty by

1672



SM Effective Hamiltonian

Basic quark level interactions in SM for B physics

+ All the four fermi interactions are described Effective Hamiltonian.
+ The Wilson Coefficient includes the QCD correction and its
renormalisation running from mw to mp scale.

b C \@/
W U ®<
4G
c HEP= = =X Ackm Z C,0;
5 7 5, h V2
O = deyuuLchy“’b% O3 = Z A Yud517" 0
u,d,s,c
Oz =dpuurery*by 0, = 3 gv,qlsiyes
u,d,s,c
Os = ) Grndr57"br
u,d,s,c

S
||

Z QR%QRSLV%Q

u,d,s,c



BSM Effective Hamiltonian

Extending the SM Effective Hamiltonian to BSM

+ New physics induces new types of operator beyond SM ones.
+ The Wilson Coefficient includes renormalisation running from
new physics scale to electroweak scale and to mp scale.

SM

Ov_a =dpyuur ey"or

Ovia = dry,ur CrRY bR
Os+p = drur ¢rbr
Og_p = CZLUL crbr




Leptoquark as solution of anomalies?

Tree level LQ diagrams seem to explain the patterns of anomaly

. 5 b C
[
e, u’ G B—D*w
/ u VT
Scalar leptoquark Vector leptoquark
LD +y55Q7 e (T*S5) Ly - LD+ aEQu Y (rFUE )Ly +

ygzgu';iRaeabLJ b + yzfgé'zRRg *Qjaﬂ_ + x5 ‘Ud lt%(fueab[/j b + x5 UQC'L a,yueabvzb“e_;{_{_

— U5 dp Ry LY" + 5 11Q7 v, + 3G Vg €LY + E515Q7 "y Vy it

+ Qﬁ?dc‘slen+ + ifguR'y"Ul,,,eﬁ+

Cia a b Ci " I
+y11_7 L S ¢ bLJ +y1 'I,]uR Sle] +y]z_7 +(L'] zJQI ')' Ul ;1, +.’E1 ij U ,,,CR +$1 ,JuR'y U1 ,LVR+
+37{211;’U,R151VJ + h.c. +${2R R’)’“U],“VR + h.c.

1)
|. DorSner et.al, Phys.Rept. 641 (‘16)

x and y are the flavour coupling

19



Leptoquark as solution of anomalies?

= All possible leptoquark couplings are explored in B and tau decays!
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B physics and strong interaction

Basic hadronic level interactions in BSM for B physics
+ Form factors include the non-perturbative QCD effect.

+ Non-factorisable effect for hadronic decays: QCD effect
between mp and Aqcp scale.

Semi-leptonic, Leptonic B meson decays Hadronic B meson decays

quark diagram

\®/
o
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B physics and strong interaction

Basic hadronic level interactions in BSM for B physics

+ Form factors include the non-perturbative QCD effect
+ Non-factorisable effect for hadronic decays: QCD effect
between mp and Aaqcp scale

Semi-leptonic, Leptonic B meson decays Hadronic B meson decays




B physics and strong interaction

Basic hadronic level interactions in BSM for B physics
+ Form factors include the non-perturbative QCD effect

+ Non-factorisable effect for hadronic decays: QCD effect
between mp and Aqcp scale

Semi-leptonic, Leptonic B meson decays Hadronic B meson decays

B—D form factor

quark dial  The non-perturbative QCD

e, u,T \@/ effects, such as form factors and
decay constants are calculable
@& by lattice QCD. The precision is

improving very rapidly recent
years.

v |y



B physics and strong interaction

Basic hadronic level interactions in BSM for B physics

+ Form factors include the non-perturbative QCD effect
+ Non-factorisable effect for hadronic decays: QCD effect

between mp and Aqcp scale

mi-leptonic, Leptonic B meson decays

B de

]

Non-factorisable contribution of
hadronic decays is more difficult
to handle. QCD factorisation
allows to organise the
perturbative and non-
perturbative contributions, to
systematically improve the
precision. The non-perturbative
part can be improved as more
data become available.

agram

AN

—~ Ve, Vi,V

Hadronic B meson decays

B—K form factor

¢
W 200
20000000

@@ J/w

m decay constant




B physics and strong interaction

An observation of CP violation requires a complex phase from strong interaction!

[A(B = f)| # |A(B — f)]

is the condition to have CP violation.

We can measure GP~ only through an interference of two amplitudes with
different CP conserving and CP violating phases.

ABC = F) = Ajetifietin 4 gpetif2etios

A(BO — f) p— Ale—iel €+i(51 + Aze—iege—i-i(sz D
01 2: CP the violating phase, 41 »: the CP conserving phase.
r(B°— f)-T(B°—f)  2(Ay/A1)sin(6; — 6)sin(61 — 62) T

r(BO— f)+r(BO— f) 1+42(Ay/A1)cos(f1 — 62)cos(d; — 62)

Complex phase coming from strong interaction is
NEEDED to be able to observe the complex
phase coming from CP violation!




Challenges and
progresses in B physics



Challenge of Flavour Physics

BSM information is hidden in the strong interaction effects

Theoretical computation
eliminate the effects of
strong interaction

* Perturbative QCD
factorisation approach...

‘A
o

.\Ijladoroh's, . Non-perturbative QCD Discovery!
lattice QCD, QCD sum rule...
Rough stone * Effective theory

ChPT, HQET, SCET...

Difficult to precisely estimate the uncertainties
associated to each assumption behind



Challenge of Flavour Physics

Amplitude Analysis : new paradigm in the high statistics era?

| . Data driven method
- Hadrons, extract the hadronic information Discovery!
from data

Rough stone

Parametrise the strong interaction and fit those
parameters from data (either the same data or
from the others). Cross check with
theory2§ompu|'al'ion is essential.



Challenge of Flavour Physics

Amplitude Analysis : new paradigm in the high statistics era?

Famous example : muon g-2

HVE from;
LM20
BMW20

ETM18/19 |
Mainz/CLS19
FHM19
PACS19
RBC/UKQCD18
BMW17

RBC/UKQCD
data/lattice

S—— N - S not used in WP20___
DHMZ19

N1 .' Discovery!

WP20

l A l L A L A 1
-60 -50 -40 -3 -20 -10

and fit those

parameters from e same data or

from the others). Cross check with theory
con;g:ul'ai'ion is essential.




Data driven method for UT precision test

o () = Vid Vs Vi
¢2 ViaViy, arg( : ) = — @9 V = ‘/Cd ‘/;23 ‘/Cb , VVT = 17
ViudV, VedV, arg ( Vi Ves ) = _ s Vie Vie Vi

VedVy,
b 6

‘ fe 1— N2 A me 0 )3
(0,0) (1,0) V= —) — 1y AAZ O\
. o Al — /p? +n2e)A3  —AN?

Fig. 3: The unitarity triangle.
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B—-D*| v (l=e,u)

Determining the CKM element Vcb and form factors simultaneously

— 48— T T LU B

b 46:— Exclusive V‘b\ Ay = 1.0 contours j

— F ) _ Inclusive .

B —4.4 - Exclusive V‘}. V| GGOU =

> 3 i - v V| V) global fi 3

— 7E I LAY Aversge .

4__ -

38 — E

3.6 7N =

34 < E

3.2F =

3E HFLAV &

o .

° ° ° ° 28.._ P(x’) = 8.9% =t
Exclusive determination relies RN L S Tl
. 36 38 40 42 44.3
heavily on the form factor values V_|[107)

determined by the lattice QCD.

Attempt: determining the various
form factors, including its
momentum dependence, from the
data to learn some aspects of form
factor behaviour.

31



B—-D*| v (l=e,u)

Determining the CKM element Vcb and form factors simultaneously

_.n*
(D™ (pp=,€)|ey.(1 —v5)b|B(pB)) = B—D™ form factor

2iV(q2)
mp + mp-

* 6. *
— (mB +mp-)A1(q°) (6,1 - qzqq;:>

"q
2 i

*V O I 2 ey
€CuvaBE€ Pp*Pg — zmn‘Aﬂ(q ) q

-~

2 € - q 2 2
+A2(q") [(pa + DD+ ) — qu]

Form factors including its momentum dependence are
fitted to the experimental data (3 angles, 1
momentum) along with the Vcb.

Results in BGL parameterisation

Belle arXiv:1809.03290
Results in CNL parameterisation ay x 10° = —0.506 % 0.004 = 0.008,
; al x 10° = —0.65 + 0.17 £ 0.09,
= 1.106 + 0.031 + 0.
P 062 0.031 = 0.007, Gl x 10% = —0.270 4 0.064 + 0.023,

Ri(1) = 1.229 4 0.028 £ 0.009,
R(1) = 0.852 4 0.021 =+ 0.0086,
F()|Vap|new x 10° = 35.06 = 0.15 + 0.56,

as' x 10° = +3.27 + 1.25 4 0.45,
af x 10° = —0.929 + 0.018 £ 0.013,
30 F(1)|Va|new x 10° = 34.93 4 0.23 £ 0.59,



B—-D*| v (l=e,u)

Determining the CKM element Vcb and form factors simultaneously

LT
(D" (pp-, €)|Ev.(1 — 75)b| B(pr)) = B—D* form factor

2iV (¢°)

mpg + mp-=

- (mB -+ mD")Al(qz) (6; - eq'zqq”)

€uvase  pHepp — 2mp=Ao(q’ ) 4.

-

€
ma + mp»

/Most recently, two lattice QCD group have

presented their results on the form factor!

+ A2(q%) [(pe + PD* ) —

Linear Quadratic Cubic
. . ao 0.0330(12) 0.0330(12) 0.0330(12)
Fermilab-MILK arXiv:2105.14019 a1 —0.157(52)  —0.155(55)  —0.155(55)
az —0.12(98) —0.12(98)
0.0014 0.0014 as —0.004(1.000)
Lattice QCDx|Vy) Joint Fit bo 0.01229(23) 0.01229(24) 0.01229(23)
Belle untagged 1 I];afltice QCDXd\V«b\ b1 —0.002(10) —0.003(12) —0.003(12)
0.0012 [ BaBar 0.0012 elle untagged, e~
¢ Lattice QCD —o] 4 Belle untagged, u "~ b2 007(53) 005(55)
4 Belle untagged e~ ¢ BaBar synthetic b3 —001(100)
~ 0.0010 + Belle untagged - . 0.0010 c1 —0.0057(22)  —0.0058(25) —0.0057(25)
s + BaBar synthetic = co —0.013(91)  —0.02(10)
% 0.0008 x ’% 0.0008 C3 010(95)
= N do 0.0508(15) 0.0509(15) 0.0509(15)
_E %5 d1 —0.317(59) —0.327(67) —0.327(67)
- 0.0006 - 0.0006 d> —0.03(96)  —0.02(96)
ds —0.0006(1.0000)
0.0004 0.0004 x? /dof 0.83/5 0.64/3 0.64/3
Zi\] a? 0.026(16) 0.04(24) 0.04(24)
0.0002 0.0002 Ziv(bf +¢7)  0.000193(69) 0.005(70) 0.01(18)

OLS)
1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 13 I 1.5 Zi\’ d? 0.103(37) 0.110(61) 0.110(52)




Strong phase for ¢3(y) measurement

Determining the CKM phase ¢3 using external input for strong phase

We need to measure interference to extract a complex phase
vub

color-allowed color-suppressed

Ap ABTBG"?(5B—¢3)

To have interference, we need the D and D decay into
the same final state, e.g. Kstr+11-

| —

A(B™ = (Kgn 7)), 5K7) = Ap | Ap(s12, 513)ei0p(512:513) 4 rBei(53_¢3)A5(312, s13)e0D(512:513)
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Strong phase for ¢3(y) measurement

Determining the CKM phase ¢3 using external input for strong phase

We need to measure interference to extract a complex phase
vub

-

v B color-allowed color-suppressed

Ap ABTBG"?(5B—¢3)

To have interference, we need the D and D decay into
the same final state, e.g. Kstr+11-

| —

AB™ — (Ksnn")p 5K 7) = Ap [AD(3127 s13)e 0P (12:518) 4 g et (08=03) A5y, 813)€i5§(8127813)]

Since strong interaction is CP conserving, we have relation between D and D amplitudes

105(812,s L 10p(s13,s
A§(312,S13)6 5(512,513) —AD(5137312)6 D(s13,812)

— Ap [AD(SU,313)8%'517(812,813) + TBei((SB—QbS)AD(Slg’812)61'5D(513,512)}
3



Strong phase for ¢3(y) measurement

Determining the CKM phase ¢3 using external input for strong phase
Belle hep-ex/0303187

Although, now it boils down to s 37 ()’
only one strong phase (in 2D 2™ 2 f
space), there have been £ | |
difficulties to obtain it from the = | |
Dalitz plot. ol | J |
ol . bt T —
I 0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
m2 (GeV?/c%) m2 (GeV%c%)
3, 7000 P 1 .
v % ool OFES (d)
S | [ & > '
g sooog U 2-_
2 4000 - .
BPGGSZ idea: obtain the strong & .| * |
phase from D meson experiments 2000 | 1 ] €
(CLEO, BESIIl) and copy them! oo} - N

m2_(GeV?/c*) m2 (GeVZ?/c%)

FIG. 2: (a) m—, (b) m4, (c) mxr and (d) Dalitz plot distribution for D*~ — D%z, D° — K%n "7~ decays from the ete™ — c¢
continuum process. The points with error bars show the data; the smooth curve is the fit result.

= AB [AD(SD, 313)€L19(812,513) 4+ TBei((SB—cbzs)AD(Slg7 812)61'51)(813,812)}




Strong phase for ¢3(y) measurement

Determining the CKM phase ¢3 using external input for strong phase

m? (GeV?/c?)

c(s12,513) = Ap(si2,513)Ap(s13,512) cos[dp(si2,513) — 0p(S13, S12)]
s(s12,513) = Ap(812,513)Ap(513,812) sin[0p(s12,513) — dp (513, 512)] arXiv:2010.08483
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CKM unitarity triangle 2020 = 2030

lllustration of CKM triangle 2020

0.5 1

CKM triangel 2020

1
T

1 | 1]
0 0.5 1

Input: PDG review on CKM 20

| |
0 0.5 1

+ Veb: Exclusive (inclusive) measurements point to lower (higher) values.
Individual uncertainties are much smaller.

+ AMs/AMq : The latest lattice QCD € value has about a half uncertainty.

+ o,B,y : Experimental error dominant. The uncertainties will go down to

01 (6p)="0.4 N6 (6a)="1°)



CKM unitarity triangle 2020 = 2030

lllustration of CKM triangle 2030

0.5 1
Yy T

CKM triangel 2020

1
T

Input: PDG review on CKM 20

+ Curiously, the current central values indicate x+B+y very close to 180 degree.

+ But by varying them within 1 sigma range, we find that @ significant deviation
from ot+B+y#180° is still quite possible.

+ Solving the side measurement issues is very important to pin down the new
physics!



Testing left-handedness of W

The b—sy processes can be used to test left-handedness of W!
—

# b s y_(left-handed polarisation)
#3  b DS R (right-handed polarisation)

. Atwood, Gronau, Soni PRL79
4 Tlme dependent CP asymmetry Atwood, Gershon, Hazumi, Soni PRD 05

vV Bi2>KsTtlY, Ba=2pY (Belie 1)
Y Ba2>KsTT TTY (Belle 1)

v Bai2>Ksdy, Ksny

V Bs> DY (LHCh)

.. . . Kruger, Matias PRD7 |
» Angular distribution (require more than 4 body final state) pecirevic, Schneider,

v Transverse asymmetry in Bq=>K'l*I(called AT, At(m) Cb)NPB854

v B—)Kres(—)KTl'Tl')Y (called >\Y)(Belle I/LHCB) Gronau et al PRL88
E.K. Le Yaouanc, Tayduganov
VANAOY (LHeb) PRD83
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Testing left-handedness of W

The b—sy processes can be used to test left-handedness of W!

4 N )

(km)+— We have been working on the
@ < @‘M@ method utilising the
@ g -~ B—K.esy— KTy final states.
[ SpInN Spin . . .
() +— spin 1, 2... P P Photon polarisation is measured
\ J via the polarisation measurement
of the recoiling hadrons, which
141 Ke(1270) 5 RO can be obtained through
\ amplitude analysis (2 angles and
[1-,2+] K¥(1410), K2"(1430)?2 . .
o BOF \ 2 ) 2 Dalitz variables)
% 20():— d
E E 1 %
< 150} 1] K'(1680)222 B. Knysh, EK, F. Le Diberder in preparation
g 100:— }+
50:_ 2 [ <L f 12 | <L f
Eﬂ+||\\ %-1 %0-; go.; §~1
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Testing left-handedness of W

The b—sy processes can be used to test left-handedness of W!

The B—+K™*e+e- process is

t LHC
Update from LHCD dominated by the B—+K™y at low

ST q° (e+e- mass) region. Using 3
S Ter T AN
o / angle distribution, one can
VA S determine the photon
L e = ko T > polarisation.

The observed signal (0.0008<qg? <0.257 GeV?) at LHCb: ™ 450 @9fb"’

1.0

. Constraints at 20
lim A (¢%) = 2Re|CryCr ] (2) _ B(B - X,7)
q<—0 T\ I(;"','-,:z t I(/‘—‘-,._|.‘Z AT — +0.11 :t 0.10 :t 0.02 0.5 B® = Kgn"y
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Testing left-handedness of W

The b—sy processes can be used to test left-handedness of W!

SU(2) x SU(2)r x U(1)y — SU(2), x U(1)y — U(1)pm.
Pati,Salam, 1974;Mohapatra,Pati, 1975; Mohapatra,Sejanovic,1975,
See also M. Blanke et al. JHEP 1203 for flavour studies
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Conclusions

The coming years are very exciting for flavour physics: the
Belle Il and the upgrades of LHCb will improve the sensitivity
to new physics drastically.

Searching new physics through FCNC/CPV is sensible as
introducing a new particle immediately induces FCNC and
extra freedoms for CP violating phase.

The challenge of B physics comes from the strong interaction
effects, which hide the new physics information.

Lattice QCD is one of the the most powerful tools to
overcome this issue.

Data driven method is becoming more and more available
and it will open possibilities to reduce the uncertainties

coming from the strong interactions.
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