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Introduction

» We are interested in:
» b quark
» Three lightest quarks (SU(3)r)

> Electroweak interaction
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Isospin

{B*,B°, B}

P ={m K}

Strangeness
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Strangeness




CKM Matrix




CKM Matrix




b

» Used to express the amplitudes PP = Ad = b>%<q

» Rigorous group theoretical objects

» Allow for a ‘physical’ interpretation g g/ _ E: % <q oA par b><q

[arXiv: 9504326, 9504327]
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https://arxiv.org/abs/hep-ph/9504326
https://arxiv.org/abs/hep-ph/9504327

Observables

Branching ratio
Direct CP asymmetry

Indirect CP asymmetry

N/

0
B(s)

15 As = 0 observables
15 As = 1 observables

13 theoretical parameters

Decay Bcp (X10_6) Acp Scp

Bt > KYK' | 1.3140.14 | 0.0440.14"

BT - 7t7°% | 5.5940.31 |0.008+0.035

B® - K°K~ | 1.214+0.16" | 0.0640.26 | —1.084-0.49
B > 7ntn~ | 5.15+£0.19 |0.311+ 0.030|—0.666+ 0.029
BY — 7979 1.55+ 0.16 | 0.30+0.20

B - KTK~| 0.0804+0.015

B! - rTK~ | 5901025 |0.22540.012

BY - 'K’

Decay Bcp (X10_6) Acp Scp
BT > atK® | 23.5240.72 | —0.016+0.015

BT - 7°K™* | 13.20+£0.46 | 0.0294+0.012

B° 5 7~ KT | 19.464+0.46 |—0.083640.0032

B —» n°K° | 10.06+0.43 | —0.01+0.13 |—0.58+0.171
BY - KtK—| 266132 —0.1740.03 | 0.14+0.03
B° » K°K’ | 17.443.1

B? — whn~ 0.72791%

BY — 7%7° 2.8+2.8*

The data has been taken from HFLAV and PDG
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> 15 observables

» 13 parameters

» 2 degrees of freedom

» Both fits are good

As =0
2
Amin
= (0.35/2
d.o.f /

p-value of 0.84
0.200

As =1
2
Xmin __
dof 1.8/2

p-value of 0.40
0.840
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43.8/17
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(oMo < o8) mu.ﬂu/

GX-X < ) *s
Mok « )PV
(oM 42 < L8PV
GAN Py
(oM o2 « ()Y
A2« Py
(Aot = LD
(42« O
(oo < o)
(GA-X <
(G2 2« §%
(0X oM « )
(oMo « (@S
(OB EETREIN )L 3

(oMo < o@DPS
(2o « (s
(422 « )Py
(X « + DY
(L2 = 5Py
(pZolkt « (&)Y
(22 « @)y
(oMo < oDV
(Lol « O
(XX « + D&
(L4t = 5D
(ool « (&)
GH_ Y« DS
Gr_ 2« %

(0XoX « 0@ .\

p-value of 3.6x10~*

As =1

As =0

3.60
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SU(3) breaking

. 7| C| |Puc| 4] |PAc| |Pec | |PA,]
S -
4.0+ 0.5 6.6 + 0.7 3+4 6+5 0.7+ 0.8 0.8+ 0.4 0.2+ 0.4
As = 7| 7| 2| K |PA| || |PA.|
49 + 13 42 + 14 48 + 14 84 1+ 28 7+t4 0.76 + 0.16 [ 0.24 + 0.04
AR E ]
‘2’ T C o A PA,. ol PA,,
D
12.3+ 3.6 6.4+ 2.2 16 + 22 14+ 13 10+ 13 0.95 + 0.52 1.2+ 24
fx
— —1=~20%
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SU(3) breaking

e — 0 |T| C| |Puc| A] |PAy| |Prc| |PA,|
S =
4.0+ 0.5 6.6 + 0.7 3+4 6+5 0.7+ 0.8 0.8+ 0.4 0.2+ 0.4
As = 1 7| 7| 2| K |PA| || |PA.|
49 + 13 42 + 14 48 + 14 84 1+ 28 7+t4 0.76 + 0.16 [ 0.24 + 0.04
AR E ]
‘2’ T C o A PA,. P, PA.
D
12.3 + 3.6 6.4+ 2.2 16 + 22 14+ 13 10+ 13 0.95 + 0.52 1.2+ 24

— — 209 — 10009%!
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C -
— I q
|T| ratio / p
e < q
C,C' = V‘/‘/\/< —
. c| 1 1
Naively we expect |F| =c P
q > q
-
_ P
C — y
QCD factorization = H ~ (0.2 T,T' = -
g
P
q > q
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C :
—| ratio
T _
b <
C,C' =
. C 1
Naively we expect |—| — =
T 3 .
C h—
QCD factorization — H ~ (.2 T,T =
q > q

11/14



Fits when imposing |§| = 0.2

As =0
As =1
SU(3)r

2
Xmin
d.o.f.

2
AXmin
d.o.f.

2
Xmin

d.o.f.

= 18.8/3

= 6.3/3

= 55.5/18

p-value of 3.1x10~*
3.60

p-value of 0.10

p-value of 1.1x107>
440
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Conclusion

» Poor fit with the data

»High symmetry
breaking required

»New physics?

As =0
As =1
SUQ3)r

~|
I
o
(N}

. 2 .
Xm“} =035/2 mmm—p Znn - 18g/3
Xoni Xmi
dos - 1:8/2 m—) dof.  03/3

2 .

. X
Xmin _ mm) -~ = 555/18
o = 43.8/17 do.f /
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Thank you!
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Supplemental material




Weak Phase Mixing

Tagging of B?S) — B?S)

N

0
B s

—2[ phase

&:{Q\/v\/v\/\/\/\/vvvg

guvvvvvm/vvv@f



Wigner-Eckart Theorem

The Wigner-Eckart theorem contains 3 parts
. K)| . I} . Y ./ Iy
<],m|T(§ )|] m > = <] ||T(K)||] >(K,] ;Q,m'|j,m)

The transition

The reduced matrix element
{G VLI |12, | 6, Y’,I’,Ié> = (G |[T¥|| 6"}y, Y, 1 L 1 (Y, L)

The Clebsch-Gordan coefficient



Reduced Matrix Elements (RMEs)

BR8).=(1D8P 27). Py = (3|15|8)




Advantage of using diagrams

» RMEs’ values don’t have clear physical interpretation
» RMES’ involve calculation of SU(3) Clebsch-Gordan coefficients

|

» Diagrams have some physical interpretation
» Diagrams do not involve calculation

But, we have a problem...



Reduced Matrix Elements (RMEs)

T: C! PuCrA' E' PAuC' Ptc' PAtC'PEWr PECW

A; = <3|3__1|1)

Ag = (3]3,8)

Rg = (3]6]8) Absorb E

Py = (3]|15|8) S
P,, = (3|15|27) S

Bl — (3|§ 1) T, C: Puc:A: PAuc» Ptc» PAtC:PEW' PECW
Bg = (3[3,]8)

We still have 2 more diagrams than RMEs!



Py, tree relations

3(cg+ Cqg

PEW:_Z<C1+C2 (T+C+A)+

= (3/3411)
Ag = (3]3,]8)
Rg = <3I6I8>
Py = (3|15|8

P,; = (3|15 27)
B, = <3|3_2 1)
Bg = (3]3:]8)

cL—Cy

(T ¢ - A)) T

=




Equivalence between RMEs and diagrams

. 1 .
» Describe the decays: Ar= o= (3T + € = 8P, — 12PAy
»In terms of RMEs 1 zlf(_ﬁw_@ _34)
: ° 8,3 ue
»In terms of diagrams v
Rg =—(T ¢ —4)
»Make an augmented matrix Fo = 8((””5/‘)
1 . .
27__ﬁ(T+C)
B, = ——(§PAtC + Ptc)
»Row reduce 312



