Introduction of CKM Triangle

Ying Li

Yantai University

Talk given in Henan Normal University, 2021-04-21



TARSEYIE ?






= LT

Rt NE




“tt R HTAHKR? ”
“EN2EHARXTER? »
“FEMMERL?




“tH R EARHER K 53 A7
73l
“Ef 1A HEEER? ”

B Ak 7R
5
—‘—AB I;I;@EE i)

M= FS Y
EAMEER (1) ——




Ek:

s (ZHERIEDE)

Molecule: 102 m
1073

$F (HFiEHE) \ Blectron < 107

10_8E§K . Atom: 10719 m
F¥ (BEFHFE)

10_13,5*: ‘ Nucleus: 107152107 m
“%f (ZiEE)

Proton: 1071 n/\ Neutron: 10715 m
10-13_10-18@*;
% (BFEHNP) ‘ @. Qo <10

10_3315* . Two up and one Two down and
ngﬂie down quark (uud) one up quark (udd)




10°m 1074 m 1035-1028 m

Nucleus Neutron

Motion of airatom || Chemical reactions/atom || Nuclear reactions/atom || Energy E=mc? of proton
E =0.04eVv E=1toafeweV E = Millions of eV (MeV) || E ~ 1 Billion eV(GeV)

KBS T XA URT1020K

TR THEEE 24TeV (4x10'2eV)
HYEFFHXEERI02Z10"FEEE




= e IR EREY



- SBEFEYIEZAK

B RS

e
* H

¢ 2

Ottt 2g B AR PR kY

MZ—







AF YRR ERE

The Standard Model, for students
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1, CKM

2. CP VIOLATION

4. SUMMARY

14



15



* Three generations of quarks (and 2)
Ieptons) chorm top

* identical gauge quantum numbers % ‘*ﬁ, i

e different masses

'% 3) 3)

— Flavour physics describes interactions sirange _boftom
that distinguish between flavours.

— Parity violation of electroweak % %

interactions

* left-handed quarks :SU(2);, doublets * right-handed quarks: singlets

Q: = uy, Cl, tr Uj:UR-.CRatR Dj =dp.sp.bp
7\dL) " \s1) T \bL
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» Flavour universality: gauge couplings are equal for all three generations
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* Flavour non-universality introduced by Yukawa couplings between

the Higgs field and the quarks:

3
Ly = Y _(=Yu,jQLiHUR; — Ypi;QLiH DRj + h.c.)
ij=1

where i, j are generation indices and H = eH* = (H**,—H™)T
» replacing H by its vacuum expectation value (H) = (0, )T, we obtain

the quark mass terms
3
Z (_mU,z'j’aLiuRj — mD,ijdLide + h.c.)
1,j=1

with the quark mass matrices given by m, = vY, (4 = U,D,E).
By hand !
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* In general, the mass matrices m; and mp do not have to be diagonal, but

they can be diagonalized with unitary transformations

uy, = [A]L’uzn UR = UR’UJTI? dy, = lA)LdTE dr = IA)RdT}g
with m denoting quarks in the mass eigenstate basis.

* in this basis

d'ag UmUUR d'ag DmDDR

 The SM Lagrangian invariant under these field redefinitions

e Transformations of the right-handed quarks are indeed unphysical, i. e. they leave

the rest of the Lagrangian invariant
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* InSM, u;; and d;; form the SU(2); doublets Q;;, kinetic term gives rise

to the interaction

g _ W
_Iu . ,‘L+d .
\/§ LZ’}/}L LZ

* transforming to the mass eigenstate basis, we obtain

g _ A ~
— Lz'ULijDL,jk’mW”J'de

V2

 The combination V.x,, = U;' D, is physical and is called the CKM matrix. It

leads to flavour violating charged current interactions.
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) Vud Vus Vub
Vekm=| Vea Ves Vb
Via Vis Vi

* Unitary 3x3 matrix I/ can by parameterized by 3 Euler angles
and 6 phases

* Not all phases are observable, since under phase redefinitions
q;. — e'®q; of the quark fields:

e" () 0 e'¥vd () 0 |
V — 0 e % 0 VI 0 €% 0 |, Vij — e!(Pa—u) Vij
0 0 e i 0 0 e

* 5 of 6 phases can be eliminated by suitable choices of phase
differences!
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C'P: combination of parity transformation PP and charge conjugation '

® P :(r) = ~%(—r) transforms left(right)-handed quark into
right(left)-handed quark

o C : 1 — i("~4?)! transforms left(right)-handed quark into
left(right)-handed antiquark

weak interactions neither invariant under P nor ' > what about C'P?

(9w = 9/V?2)
gw L Verm. ik Y WH T dpk + he.c.
= gwuriVerm ik W dpk + gw doiVkm in 7u W uri
cp - _ I,
—  gwdLkVerm, ik, WH uri + gwiri Vokm ik 7 W d i

= gwﬂL,' V(;KM,ikAfﬂv I’I’H‘H_d[,k + h.C.

> CP is violated because the CKM matrix is complex (J # 0, 7)
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* CP violation required to explain the different abundances of matter

and antimatter in the universe.

* CP violation in quark sector requires N = 3 fermion generations.

* Model for explanation of CP violation led to prediction of the

third generation!
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—i5
12 S12 O 1 0 0 C13 0 si3€
Ri;=|-512 ¢ O Ry3 = 0 ¢33  Sy3 Rz = 0 _ 1 0
0 0 1 0 —s33 €3 —s13e% 0 €13
Ve = Ry X Ry xR, Sij = sin 0y;
Cij = COS 01]
—10
C12€13 5 $12€13 5 $13€
— _ _ v _ 1
Vekm = $12€23 7C12523513€ ~ C12Cp37512523513€  S23C;3
_ 1 _ _ 1
812593 7C19C93513€ C128937512C93513€¢  C93Cy3

Experimentally: sjo ~ 0.2, s93 ~ 0.04, sj3 ~4-1073
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CKM matrix is found to be close to the unit matrix

0.97427 +0.00014 0.22536 + 0.00061 0.00355 £ 0.00015
Vekm = [ 0.22522 +0.00061  0.97343 +0.00015  0.0414 + 0.0012
0.00886 0 0003s  0.040570:0015  0.99914 £ 0.00005

also quark masses exhibit strong hierarchy

ou ocC ol

od oS eb

* : . . . . m GCV
1073 1072 107" ] 0 102 ¢ [GeVl

where does this hierarchical structure come from?

> flavour hierarchy problem
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* Hierarchy of the quark transitions mediated through charged currents

Bl - ow
S A’ oy \A C o O 7\‘2
b ,\/ \,\ 0 O(k3)
I )\, —

* This hierarchy is reflected in the standard parametrization as follows:

S12 = 022 > So3 = 0(10_2) > 513 — 0(10_3)

* New parameters: 5., =1= 022, s,.= A% 5.5 =A% (p —in)

A 1 — IN? A AN*(p — i)
Vekm = - — N2 AN?

ANN(1 —p—in) —AN 1

2021/4/22 26



CKM matrix is unitary

9 conditions (6 normalisation, 3 orthoganality)
I/udl/u*b T VchcZ T thVtZ =0 (db)
VYV . +V.V, +VV,=0 (sb)

us' ub cs' ch ts” tb

Vuquz + Vchc: + thVt: =0 (ds)

*

ViV t ViV + ViV =0 (ut)

us s

VdVia +V Vs +VViy =0 (ct)

*

ViV #V Vo 4V, =0 (u)

us cs

27



(db) /\ /\ (ut)
/13 +O

(2)+o(x )= 0
(sb) V.t |\VV\ WN (ct)
0( H+o(2)+ 0(12) 0"
VidVes vy ViV vy
(ds)_‘— VCZV td” ts . ub cb(uc)

o(a)+o(a)+o(r)=0""°
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e CKM matrix parametrises charged current interactions

Vud Vus Vub
Vekm = | Vea Vs Ve
Viae Vis Vi

@ its unitarity implies various relations among its elements, e. g.
* * *
VidVab + VeaVa + ViaVip = 0

> unitarity triangle in the complex plane p=(1—-5)p, ij = (1— '\72)77
;)
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‘Kaon Physics adiaives s anns

™ Br(K— nvv) (fature) . .
! l ) = Oscillations
m- o8 7
-~ — |‘ .' e -

[heory Error
small !
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Vud Vus Vub A VUb
Verm = |[Vea Voo Vool =2 1 Ve
th Vts th \V td Vts th/

* First 2 X2 sub-matrix: four |V;;| are measured by nucleus,
pion, kaon and charm hadron decays.

* [tis “almost” unitary with one single parameter.

+ A(= sinf) = |V | = 0.2243 + 0.0005 [PDG2021]
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Vi Q/td Vi Vg

Va V

 |Vcb| and |Vub| measured by semi-leptonic Bu and Bd decays

_)(42.2 £ 0.8) X107 Inclusive
|VCb| - (41.9 i 2‘0)X10—3 eXCIUS|Ve

(449 £ 0.16% 0.17+ 0.17) X 10 3|nclusive

(3.70 = 0.10+ 0.12) X1073  exclusive (Lattice)
(3.67% 0.09+ 0.12) X1073  exclusive (LCQCDSR)

Vup| =

Exclusives systematically smaller than inclusive?
Better QCD calculations needed.
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* momentum of W boson propagator can be neglected:

_ v - <M _ ~
5V 10" PLb) (T Pr) £ — Vi @)y @)y s
I 44

> effective Hamiltonian with the well-known Fermi constant

AGp . . . Gr ¢
—J— b _ e — th =

33



* include known QCD corrections

* evaluate the form factors of (m|(utb),_4|B) from Nonperturbative QCD

approach.

» measuring the B — mlv branching ratio determines |V, |

[Vus|™ = (3.72 £ 0.16) - 1073

w

* Note: it is a tree level transition, therefore highly unlikely affected by new physics!
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Vud Vus Vub
Vekm = Vaa Voo Vo
th Vts th

Vi

~
)\' Vub
1 Vi
\ f[ S ‘/l_ly

 |Vcb| and |Vub| measured by semi-leptonic Bu and Bd decays

Arg Vcb =0 by a phase convention

Arg Vub= vy by CP Violation in B-->DK

= B
u
.< K- .< K+
/s S /A u
bB’ » C L ‘d
- b _ -
u ¢ u u
b——""u U g+
B— \‘<C‘—‘\—S
- s N _~-d
u uK <ﬁ T

VoV Ved Vs

us ' cd

S—

‘/ubv *V *V

cs "ud "ecs

—

interfere
— CPV
F ( arg Vub)

Br B™—[K*1]p,.. K7) # Br B*=[K ']y ... K*)
BI' (B-_’ [K-W]D-mass K-) * BI' (B+_)[K+n-]l)-mass K+)

v =(73.

4.2
5-1-5.1)0‘
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Vud Vus Vub I
Vern = [Vea Vs V| = |7H
th Vts th \Ytd

\!

LS

Vcb
Vi

 |Vcb| and |Vub| measured by semi-leptonic Bu and Bd decays

Arg Vcb =0 by a phase convention
Arg Vub= vy by CP Violation in B-->DK

Vib= 1 if we assume Vckm to be unitary

[Vid| X | Vib| by Bo-Bo oscillation frequency (Ama)
| Vis| X | Vib| by Bs-Bs oscillation frequency (Ams)

IVil=(8.1 & 0.5) X1073
IVisl=(39.4 £+ 2.3) X 1073
errors are totally theoretical.

Amy = (0.5064 + 0.0019) ps—!
Amg = (17.757 £ 0.021) ps—1

|Via/Vis| = 0.210 £ 0.001 £ 0.008.
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box diagram mediating Bs — Bs mixing:

G2 * *
LM Y ViVisViVieF (i)

1, j=u,c,t

Simplifications:
@ external quark momenta negligible
@ GIM mechanism: mass-independent piece of F'(x;,x;) drops out
e m; < my and |V Vis| < |ViVis| (i = u.c¢) > only top quark
contribution relevant

@ perturbative QCD corrections can be included by adding a factor 7p
(known from tedious calculations)
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Am =

> effective Hamiltonian for By — B, mixing:

5. G} \ _ _
i = L Minp(ViVis)*So(ae) (bs)v-a(bs)v—a + h.c.

day —11a? + 2} 3 Ilnay

with So(z¢) = A(1 — a4)2 a 2(1 — a¢)?

now sandwich 'HffF—B’ between initial and final state meson to obtain
mixing matrix element:
E S
Bs>

with the hadronic matrix element (Bs |(53)V_A(Bs)v_,4| Bs> calculated
on the lattice

Bs—B
He

1 _
My = 8
27 om B, <B

| €

— 2 2
— 3 BBszs Mmpgg

|thVts|250(xt)77QCD (B |(5D)y—a(Sb)y-a)|BS)

GFmW
16712

38



Vud Vus Vub I Vub
Ve = |Vea Ve Vo = |7H 1} Veb
th Vts th \th V ts Vt_ly

 |Vcb| and |Vub| measured by semi-leptonic Bu and Bd decays
Arg Vcb =0 by a phase convention
Arg Vub= vy by CP Violation in B-->DK
Vib= 1 if we assume Vckm to be unitary

[Vid| X | Vib| by Bo-Bo oscillation frequency (Amad)
| Vis| X | Vib| by Bs-Bs oscillation frequency (Ams)
arg Vt by CP violation in Ba—=>J/PKs

arg i by CP violation in Bs=>J/{ ¢ See later!
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1.

CPV in mixing

if |3| 7= |B| . itis possible to measure CPV in decays to final states
accessible only to B%r B

CPV in decay
rMB— f)#r(B—f)
A(B — f) = ZAkei(o‘;,--!-o;.-) — A(B— f) = Z:Akei(5k—¢k)

from QCD J Lfrom CKM

3. CPV in the interference of decays with and without mixing

fep

BO/ T
\.EO——/

41



J There are three quantities that drive CPV effects:

f
oA, =211
Af f

q

p

?

Q CPVin mixing: |q¢/p| # 1
Q CPVin decay: |Af/Af| # 1

d CPV in the interference between decay and mixing: A f # +1

42



J Given afinal state f, let us introduce the two amplitudes A, = ( fIH41B°)

and Ay = (fIH,41B®), and the quantity:

A Mi, A 1. T
Af 177 = 12 f! —Im 12]
p4f |A[12|4f 2 ;’\[12
H_}
a
d Master equations:
2 - 2
(B0 — ) = NplagPe T E A cosn ALV cosam)

—ReAsinh %—Im/\f sin(Amt)}

1+ A A IAf|2

r(BO(t) — f) = NylAf2(1 +a)e‘r‘{Tcos 5 s cos(Amt)

AT .
~Re\ssinh == +1m)\;sin(Amt) |
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BO "B ~b—=c+cs: V, V. Fx e i’_ \ '; I
/ J/W I<S B < S
o _e2iargVid * B T b = Gacs: V, *V o0 d i K'—K;
b 'W"Jﬁd>
t t two processes interfere — CPV oc sin 2argV
IR ¥ —
d W b
b < » C
&—: c+cs: V, V. *ox e \ = Jhp
_ C
0
/ Thpo B, < S
b—c+cs: V *V  x e > s ¢
b
t L two processes interfere — CPV oc sin 2argV/,
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U The final state is a CP eigenstate (with eigenvalue -1)

U This process is mediated by both tree and penguin operators:

A = Tz (bL +Pu ubVJS—I-PC cch§+P thth
(T.zs + PS— PV, VE + (P“ PHV, LbVJS

H-N Li, 2004

Y
penguin pollution

U The last term is doubly suppressed:

‘/’*
Tub s 102 A(B® — J/wK®) _ V, V&
V ~b‘/cs — = -~ [——
c A(BO — J/yvK0) A
P/T ~ O(0.1) |
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There is a problem: B — K%and B0 — K©

K, is the lighter mass eigenstate: | Ks) = py | K°) + qx | K°)

Interference between BC — J /YK and BY — J /WK is only possible
through K mixing:

A(B® = J/YKs) _ AB® = /K% pe VL VEVLYS
A(BO = JJuKs)  A(BY9 — JJuKO)q,  WEsyry Vv

S"csVed

Putting everything together:
i1 _qALI\O PI\ _ Lb‘td‘ b‘(*%‘(s cd - _—2i
PpKs — K X RS ; Ty K€
p Al KO 9K VieVia Ve Ves VesVig

and the time dependent CP asymmetry is
Ay, = LB = /WKy = T(BO() — J/vKs)

= r(BO(t) - J/wKs) + r(BO(t) — J/wKs)

= —nyk,Sin(28) sin(Ampg, t)
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J This process is mediated by both tree and penguin operators:

A = Tyaa VipVauat+Piq Va *d + PV Vi + Py Vy Vi
(Tuud + Py — Pd) ‘/ub ud + (Pd ch) thvt,:i
Trr Vi Vaa + Prr Vi Vig

V' *
= Trr VipVad (1 + Trwvtb tf) = Trn VipVaud (1 + 7ar K)
ub ¥ ud b N

en uinY ollution
O Is the last term suppressed? penguin p

VirVid
S— A(BO — ) N Vi, 1+ rer K
A(BO — 7T7T) n ub‘ ud 1 + 'mm K

Vi Vad
Trmr O(O 1 )
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* P . )
J ) P——— g ‘ZET'?T — ‘“/lb‘/[d ‘/llb‘/ud 1 + T'mm K _ 621.'(} 1 + Trr K
p Anr ‘ ‘/tb‘/(:{‘/:b‘/ufl 1+ rer K7 14+ raz R*

e—2i)3 e—2i’7'

J The time-dependent CP asymmetry is:

Arnr — _Cﬂ'ﬂ’ COS(Ade t) + S7r7r Sin(Ade t)
Sﬂ’ﬂ’ — Sln(QC!) + O(TT{‘,T)
Crr = O(""ir‘n')

J What do we get from experiments

SeXP = —0.59 + 0.09
CZXP = —-0.39 +£0.07
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J Solutions:
« use effective theories to calculate "=
« use SU(3) flavor symmetry to relate B=>Kn and B> nn

* Isospin analysis

J Up to isospin breaking corrections we can describe
ABT = 727729, A(B° - »T77), A(B? — #970)
in terms of two isospin amplitudes

A(B — [nm]g), A(B — [n7]2)

J At the end of the day we are able to eliminate r__ and extract sin(2a.)

49
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e Tree diagrams: b u, ¢
w ; :ﬂ, [=
d(s)

e Penguin diagrams:

o QCD penguins: o Electroweak (EW) penguins:

w gr,,;ww,qzw o
w, C, 1 u,c, t b — d
. . T (s)

b b
gk e 14
q=u,c,d,s q

e Classification (depends on the flavour content of the final state):

— Only tree diagrams.
— Tree and penguin diagrams.

— Only penguin diagrams.
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e Operator product expansion (OPE): =

(fIH+l?) = FVCKM >k Cr(p) (f1Qu(p)|?)

[Gr: Fermi constant, Vekn: CKM factor, g0 renormalization scale]

e The operator product expansion allows a separation of the short-distance
from the long-distance contributions:

— Perturbative Wilson coefficients C(p) — short-distance physics.
— Non-perturbative hadronic MEs (f|Q(xt)|i) — long-distance physics.

e The Q. are local operators, which are generated through the electroweak
interactions and QCD, and govern “effectively” the considered decay.

e The Wilson coefficients Cy. () describe the scale-dependent “couplings”
of the interaction vertices that are associated with the operators ().
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e Four-quark operators Q7" (j € {u,c}, r € {d, s}):

— Current—current operators (tree-like processes):

Q{r = (FajB)V-A(.iﬁba)V—A
Q) = (Tada)v-a(dsbg)v-a

— QCD penguin operators:

Qs = (Taba)v-a2_(3395)v-a
Qi = (Tabg)v-aX_ (d590)v-a
Qs = (Taba)v-a X (395)v+a
Qs = (Tabg)v-aX (d59,)v+a

— EW penguin operators:

Q7 = 3(Taba)v-a Xy € (d5q5)v4A
Qs = 3(Tabg)v-a2 e (T390, via
Q5 = 5(Taba)v-a ey (Taas)v-a
Qo = 3(Tabs)v-ad_er(d5qn)v-a

Here a, 3 are SU(3)c indices, VEA refers to v,(1 £ v5), ¢’ € {u,d, ¢, s, b} runs
over the active quark flavours at u = O(my), and the e are the electrical charges
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|A3-|e“foc§ Cr(n) x | (f1Q%L(w)|B)
pert. QCD

e Recent developments:

— QCD factorization (QCDF):

Beneke, Buchalla, Neubert & Sachrajda (1999-2001); ...
— Perturbative Hard-Scattering (PQCD) Approach:

Li & Yu ('95); Cheng, Li & Yang ('99); Keum, Li & Sanda ('00); Ali, Li, et al. ('07); ...
— Soft Collinear Effective Theory (SCET):

Bauer, Pirjol & Stewart (2001); Bauer, Grinstein, Pirjol & Stewart (2003); ...

— QCD sum rules:
Khodjamirian (2001); Khodjamirian, Mannel & Melic (2003); ...

Data = theoretical challenge remains ...
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e Theoretical description through effective low-energy Hamiltonians:

— The NP particles (such as the charginos, squarks in the MSSM) are
“integrated out” as the W boson and the top quark in the SM:

% Initial conditions for RG evolution: Ci(pu = M) — CPM 4+ CXF

— Operators, which are absent or strongly suppressed in the SM, may
actually play an important role:

+ Operator basis: {Qr} — {QM, QM)

e Popular NP scenario: Minimal Flavour Violation (MFV)

— Flavour and CP violation still governed by the SM Yukawa matrices.

— Essentially no effects in CP asymmetries, but various interesting
correlations between rare decay observables, mixing parameters, etc.
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M,
’
’ ’/

B » 5 p
’
+ ] ()

\

\ A}

\ 2
YK
M,

> Vertex corrections: T'(u) =1+ O(as)
> Spectator scattering: 7" (w,u,v) = O(as) ~— (power suppressed if M, is heavy)

> Strong phases are perturbative [O(c;)] or power suppressed [O(A/my)].
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Two hard-scattering kernels for each operator insertion: 7' (vertex), T" (spectator)

(MiM;|O;|B) ~ FP" T! @ opm, + T @ 68 ® o, ® dm,

and two classes of topological amplitudes: “Tree”, “Penguin”.

T', tree T', penguin T", tree T", penguin
\\ //
LO: O(1) —_—
A/ b | b/
NLO: 0(05) e o WL J?-:-mst_

BBNS '99-'04

_g_\;_
8
NNLO: O(?) | o/ Rl ™ % ﬁ

¢ Beneke, Jager '06
Bell "07,'09 Kim, Yoon ‘11, Bell Beneke, Jager '05 Jain, Rothstein,
Beneke, Huber, Li '09 Beneke, Huber, Li 15 Kivel '06, Pilipp '07 Stewart '07
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T=a(rw) = 1.009 + [0023 + 0.0]0'].\1‘0 4+ [0.026 4+ 0.028i]xx10

- [l -
0.485] {0015]100p + [0.037 + 0.029i1x1.0p + [0-009]3 }

= 1.00+0.0li — 093 -0.02 (if2 X ryp)

C = ay(mw) = 0.220 — [0.179 + 0.077i]x1.0 — [0.031 + 0.050i] xnt.0

! [or4;s] {10.123).05 + [0.053 + 0.054ilx1.05p + [0.072)u }

=0.26-0.07 — 0.51-0.02 (if2xrgy)

Theory 1 Theory Il Experiment
| 5.43 7000+ (%) 582100 1% 5.5970-%
BY - ntm— 737 T T E (%) 570105 o e (%) 5.16 = 0.22
0.0 +0.11 +0.42 +0.12 +0.64
B — nOx 0.33 T3'08 *-0.17 0.63 T 0T 0% 1.55 = 0.19
BELLE CKM 14: 0.90 + 0.16
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Main limitation of QCDF approach, e.g. weak annihilation

i~

Lo~ /dw dudv T(w,u,v) dg(w) dm, (V) dm,(U) ?

» convolutions diverge at endpoints = non-factorisation in SCET-2

» currently modelled with arbitrary soft rescattering phase

Pure annihilation decays
10°Br(By - K*K~) =0.13+0.05 (AD = 1, exchange topology)
10 Br(Bs = n*tn~) =0.76 +£0.13 (AS = 1, penguin annihilation)
= extract weak annihilation amplitudes from data [Wang, Zhu 13; Bobeth, Gorbahn, Vickers 14;

Chang, Sun, Yang, Li 14]

> Or use “clean” combinations, e.g. A = T — P in penguin mediated decays
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B’ (at rest)
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A~ j d*kq d*k, d*ks C(t)Pg(ky) Dy (ky) Oo(ks) H(ky, ky, ks, t) exp{-S(t)}

®(k) is wave function in the light cone, which is universal.

C(t) : Wilson coefficients of corresponding four quark operators

exp{—S(t)} are Sudukov form factor (double log resummation), which
relate the long distance contribution and short one. And the long

distance effects have been suppressed.

H(ky, k,, ks, t) is six quark interaction, and it can be calculated

perturbatively, and it is process depended.
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® 2.1 #IEFEHE (GFA)

QCD AE¥1tH % (BBNS) Fffi#f QCD Kk

(PQCD) BYEE#R.
GFA BBNS PQCD
Ay T — Fyeedy | JEARN T
AT AL BT | AS AT e atik
i K €] DR
AAf 5y JEARIAF AR F AREMHE%EH
AL DT | RS R H]
AR ALH]
2oy K P T ik i K Pl Tk REM AL
AEMELH | REME L
TN S /¢ JEARIA T JEARN T i PR XK
i PR XX
s AL AL | BSS BSS i %]
AEE AR | AR AU
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In my view , flavor physics remains one of the most promising windows search for CP

Violation and new physics.

Many new results require better statistics and further measurements: potential for

multiple 5-sigma effects.

Conversely if nothing is found in LHC the new colliders will significantly push up the

effective scale of flavor .

More interplays between experimentalists and theorists are needed.
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Thanks for your attentions!
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