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Testing the standard model predictions with
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Although the results of this analysis lie beyond the topic of the workshop | hope you
find some of the ideas inspiring.
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Motivation and general idea

B — Kr puzzle
SKBNCBJ

Newest LHCb results:

BT — K*x0 - Phys. Rev. Lett. 126(9), 091802 (2021)
B — K+t7n— - JHEP 03, 075 (2021)

World average:

AAcp(Km) = Acp(BT = KT7%) — Aep(B® - KTn7) =0.114 £ 0.014
AAcp(Km) =0 isospin symmetry
AAcp(KT) = (1.8733)% QCD factorisation



https://arxiv.org/pdf/2012.12789.pdf
https://arxiv.org/pdf/2012.05319.pdf

Diagrammatic approach



Diagrams BNCBJ
T,C,P,
Pyw, PSy




Diagrammatic approach

00@000000000

K+
™~ ha

w 5

b u

B* mn°

u u

(a) tree colour-allowed

B* w |£+

u u

B ‘
w
n(]
a

(g) W-exchange

(b) tree colour-suppressed

13

- /\/\‘/‘x/\, Y <
% K*
Y Z
B* I
-

s

u

(e) EW penguin
colour-suppressed

(c) QCD penguin

K+

(f) annihilation

SBNCBY



Diagrammatic approach
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CKM matrix elements

SBNCBY
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K+ Tt
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Diagrammatic approach
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Gluonic penguin
V*(tcu)b W V(tcu)s @;NCBJ

B+

A4

u

/QCD = Vi VisPy+ Vi VesPr + Vi Vs P,
UT: Vt’z Vis + V:b Ves + V:b Vs =0
:b V: Pllfc - :b Vuspéu = A)‘g(Pi/Ec - emRbPi/ﬁu)

S

Poop = —

= 0.390 £ 0.030
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Diagrammatic approach
00000@000000
B — mw amplitudes

SBNCBY

V2A(BY — 7%7) == A3 ARy | (T +C) + e~ (Prw + PSy) |,

A(B® = 7= T) =—X3 ARy | (T — Pru + € — PAw)

1
+ E(Pta + P.Afr):| )

1 .
V2A(BY — 7970) = NARy | — (Pic + PAw) — €7(C+ P — £ + PAw)
b

+ e P (Pew + Pgw)]

= 0.390 £ 0.030

R :(1_E>l Vi
b= )

Pie =Pt — Pe
Piw =Pt — Py 12
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B — mw amplitudes

KBNCBJ

V2A(BY — 7%7) == A3 ARy | (T +C) + e~ (Prw + PSy) |,

isospin symmetry
example

A(B® = 7= T) =—X3 ARy | (T — Pru + € — PAw)

7 V2A(BtY = 7t n0) =

1
+ F(Pta + P.Atc)
b A(B® = ntn™) + V2A(B® — 7°7°)

1 .
V2A(B® = 1979 = A34R, R—(m + PAe) — €7 (C+ Pru — € + PAw)
b

+ e P (Pew + Pgw)]

= 0.390 £ 0.030

R :(1_E>l Vi
b= )

Pie =Pt — Pe
Piw =Pt — Py 12




Diagrammatic approach
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Parameterisation

KBNCBY
T =X ARY(T — Pru+ € — PAw),

C =N ARY(C + Pru — £+ PAw),
P =\A(P, — Po),
X _r
rx = P e.g.rr = P

V2ABT - %2 T)=-P [e”(rrp +re) + e Bg(ry + rC)] ,
AB° - 7= at) = P(1 — rpe?)
V2A(B® = 7970) = P(1 + rge’ + e B g(re + r¢))

T+C

PEw+PEW’

13



Diagrammatic approach
000000080000
B— Km
) 1 L A
A(B+ — 7T+K0) =P [1 +rpee’ T — gacqclwc"ﬁ(ra« + 'réj):| Qj}NCBJ
; ; 1 s
\/§A(B+ — 7\'0K+) =P [1 +rpee’” — {ew - (1 — 5(1@) qe“"ems} (7‘% + rlc)]
) 2 L )
A(Bg — 71-7K+) =P [1 + 1o’ + ga(;qe'“’e'd’(réﬂ + T,C) - rTﬁm:I

) 2 L )
\/§A(32 — WOKO) =—P [1 +rpee’” — (1 — ga(;) qelwel¢('r'{1~ + 7/C) + rlcew]

p oA
P = 7(7% - Pc)
etfc A2R Pl — Pl — A _
rpe= 25— = < b2> [ b Bt - KTK®: p.=0.03+0.01, 0. =(2.6+4.6)°
P 1— A P — P,
75/(1
“c =7y z 7

_ _ (Piw + Piw
T+ ¢t
In SM: qei¢eiw =

T 2A2R;, | Ci(p) + C2(n)

-3 [Cs(u) + Cio(n)

] Ry = (0.64 £ 0.05)R,

Ry =1+ 0.05 -compensates for possible SU(3) violation
14
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A(B+ — 7T+K0) =P [1 +rpee’ T — gacqclwc"ﬁ(ra« + 'réj):| Kj}NCBJ
; ; 1 s
\/§A(B+ — 7\'0K+) =P [1 +rpee’” — {ew - (1 — 5(1@) qe“"ems} (7‘% + rlc)]
) 2 L )
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) 2 L )
\/§A(32 — WOKO) =—P [1 +rpee’” — (1 — ga(;) qe“"’eld)('r'fr + 7/C) + rlcew]

P = >\37A<7JI _ ,P/)
- \/E t c
i 2 I D ogq!
T = pee _ (AR Pi—Py A BT 5 KTKY: p.=0.034£0.01, 6, =(2.6+4.6)°
’ P’ 1— A2 P, — P!
o= PEW Isospin relation
T Phw + PEw V2A(BT = K% + A(Bt > Ktrn) =

V2A(BY — Kt7°%) + A(B® - K%z ™)

qei‘beiu _ 751’?“’ + 751/2%
T 4 ¢
-3 [Cs(u) + Cio(n)

In SM: qei¢eiw =
222Rp | C1(p) + C2(w)

] Ry = (0.64 £ 0.05)R,

Ry =1+ 0.05 -compensates for possible SU(3) violation
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Diagrammatic approach
000000000800

U-spin relation

Connection between amplitudes describing B — nm and B — K decays §BNCBY

B—gar-b—d < B— Krn-b— s()

T+ C'| | (W + )P
T+ C e(re+r¢)P
Ry =12+0.2 safeestimate

€ = 125 = 0.0535 + 0.0002

=1.214+0.015 QCDF

Rryic= ‘

arg(rlp) — arg(rr) = 0+£20° arg(ry) — arg(rg) = 04 20°

same as arxiv:1806.08783 R. Fleischer et al.

16


https://arxiv.org/pdf/1806.08783.pdf
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Diagrams
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SKBNCBJ
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The weak phase ¢ in the SM
0®000000

Operator product expansion

B— 7K —b—s AU=AC=0 (Pa)v+a =" (1 £75)q @;NCBJ

QY = (bway)v_a(@ysz)v—_a,
o _ _ Current-current operators(tree operators)
Q3 = (ba)y_a(@s)y—a;

Q3= () v_ay (@D v—_a;
q
Qa = (busy)v_a P (Gyads) v—as
~ ‘ Gluonic-penguin operators
Qs = () v—a D (70 vtas
q

Q6 = (basy)v—n O (@) vias
q

3
Qr = E(bé')va > (e vyas
q

3 _
Qs = *(bmsy)v—/l Z(Eq@%)v+m

2
3 ! Electroweak-penguin operators
Q=7 bs)v_a Y (eq@@)v_a,
q
3 T —
Q10 = g(szy)va > (eq@yae) v—a;
q

20



The weak phase ¢ in the SM
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Effective Hamiltonian

[Matthias Neubert and Jonathan L. Rosner] SKBNCBJ

10
Hyp = % [Z CiAuQF +XcQ5) + X Y CiQi} +he

i=1,2 i=3

— * —
Q1 ~ bsuu - contribute to Al = 0 and AT = 1 Ao = VapVoas Autde A =0

Qf 5 ~ bscc - contribute only to AT = 0
@s...6 ~ bs>" gq - contribute only to AT = 0
Q7...10 ~ bs>_ eqqq - contribute to AT = 0and AT = 1

Hepp = Har=o0 + Har=1

10 10
G A . _
Har—o= —2 4 > [—” Ci(QF + @) + ACQ,?] FMDCQi— A D CiRAT L+ hee.
\/i i=1,2 2 =3 =7
G N 10
Har=1= —&% Z JCi(Q?_Qg)'*‘/\tZCiQiAI:l + h.c.
\/i i=1,2 2 =7

_ 1- -
QA=Y ) ~ ibs(ﬂ'u, — dd) - antisymmetricd <> u = Al =1

21


http://arxiv.org/abs/hep-ph/9808493v2

Diagrams
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Fierz identity = ¢ =0
when Cy and Cg dommate the EW penguin contnbutlon like in'the SM, then ¢ = 0. g;ycey

Har= 177 |:Z *C(Qu Qz{l)—"_)\tZCzQiAI 1:| + h.c.
i=1,2 =7

1- —
QA=Y 10~ bs(au — dd)

C7 =—0.002a, Cg =0.0054c, Cy9 = —1.292c, C10 = 0.263«
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The weak phase ¢ in the SM
0000000

Fierz identity = ¢ =0
when Cy and Cig dommate the EW penguin contnbutlon like in'the SM, then ¢ = 0. g;ycey
Har=1 77 > —C(Q“ Q?)+MZC,Q?1 1} + h.c.

=1,2 =7
1. _
QALY 10~ bs(wu — dd)

C7 =—0.002a, Cg =0.0054c, Cy9 = —1.292c, C10 = 0.263«

Fierz
==(busz)v_as (uyuy dydy)y—a =~

2 {5 1wy a(s) v = () v-a(@sv-al | = =5 [ 308 - @)
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Fierz identity = ¢ =0
when Cy and Clg dommate the EW penguin contnbutlon like in the SM, then ¢ = 0. ENCB

LINS 177 > —C(Q“ Qf)—&-AzZCEQ?I 1} + h.c.
1=1,2 =7

1- —
QA=Y 10~ bs(au — dd)

C7 =—0.002a, Cg =0.0054c, Cy9 = —1.292c, C10 = 0.263«

Qo =3 (busa) v AZ(eqqum 4 QF = (baay) v a(Gysa) v-a
Qa=t %(bré’f)v Az (uyuy dydy)y_a "E*
=25 1) vt voa - G v-a@sv-al | = =3 [0t - o]
Q1o Eg(bzsy)v A (eqlyta)v—a, Q5 = (boaz)v_a(@ysy)v_a
q
= =3 Basy) v ay (e — dyd) v g "7
3

3 {5 v atmmva = e voa(@s)v-al =5 [5(08 - @)
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The weak phase ¢ in the SM
00000000
¢sm =0

KBNCBJ

Y S e R

When the operators are linearly dependent the weak phase between them ¢gy = 0
The weak interaction can break SU(3) but this reasoning there is a stron constrain on
the weak phase of ge?(®*%) in the SM.

2%



Diagrams
T,C,P,
Pyw, PSy

Prw, PRy
VS
T,C

$ in the SM

OPE
operators

Wilson
coefficients

Fierz
identity

SKBNCBJ

25



Diagrams
T,C,P,
Pyw, PSy

Prw, PRy
VS
T,C

$ in the SM

SU(3)
decomposition
OPE
operators

Wilson
coefficients

Fierz
identity

SKBNCBJ

26



SU(3) group decomposition



SU(3) group decomposition

O®00000000

SU(3) generators

[Michael Gronau, Dan Pirjol, Tung-Mow Yan] KBNces
Strong interaction conserves SU(3)
Operators: ¢1¢3¢2 ~ (bq1)(g2g3) form a SU(3) group that can be decomposed into:
3R3R3=3P306d 15
AS = +1 operators:
_ 1 1 - -
15, = ——(aéu + Suu) + E(déd + 5dd),
1t ! (usu + suu) — ! ——(dsd + 3dd) + L s
=0 = uUsu SUU S S —= 888,
Y 2/2 NG
1 1
6/—1 = —i(ﬂgu — suu) + §(dsd —5dd),
—(a 1, _ 1 - =
3([:)0 = —i(usu — suu) — i(de —5dd),
30 L (wsu + suu) + —— (dsd + 5dd) + —— 555
— —F U u — — .
1=0 7 9 /5 2./9 /2 28


https://arxiv.org/abs/hep-ph/9810482v1

SU(3) group decomposition
Hamiltonian decomposition

00@0000000

SBNCBY
GF ala) 1 T 1 — 1’(5'
H AD[=(ep — ) (=3%) — 6,—1) + =(c1 + e2) (=15, — —=15,0 + —=3}”
T = \/5< [(1 2)(=3)2 — 67—1) + = (1 + ¢2) (15, 51510 2170)
+A<d[ (c1 — c3)(6,_1 — 3"

Hewp =~ —\ (FqQ.gS) + CloQ(f;))) =\ (C9Q§d) + CloQ(fr?) =
)\tb — C10 (a) C9 + C10 = 3 — L 56s)
2036, +31Y )+ 2—"%(=3.T5,_; — —15,_9— —=3{?
- ( 5 (3-6,-1 +3;2) + 5 (=3 =1 5 191=0 7 o)
)\ﬁd) Cy9 — C10 5(a) €9 + Cio 3 == T L 56
S | T 6 3 (5 Ty - 2v/3-15,_g ﬁ?,jzé)
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SU(3) group decomposition

[e]e]e] le]ele]e]e]e)

B — PP
KBNCBJ
initial B triplet: ) ) ) >

Bf =+4bu, BY=+bd, B°=bs.

Light meson nonet P (1, singlet & octet):

KT = +us, K9 = +ds,
_ 1 _
7T =4ud, 70 = ——(+uu—dd), = =—du,
7 )
1 _
ng = —%(‘F’Uﬂ + dd — 2s3),
K° = +sd, K~ = —su,
1 -
n = —ﬁ(—i—uﬂ—&- dd + s3).

Exclusion Principle allows only symmetric part of P ® P:
(8®8)s =185 27
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SU(3) group decomposition

[e]e]e] le]ele]e]e]e)

B — PP
KBNCBJ
initial B triplet: ) ) ) >

Bf = +bu, BY=+bd, B°=bs.

Light meson nonet P (1, singlet & octet):

KT = +us, KY = +ds,
_ 1 _
7t = +ud, = ——(+uu—dd), = =-—du,
: \/5( )
1 _
ng = —%(‘F’Uﬂ + dd — 2s3),
K° = +sd, K~ = —su,
1 -
n = —ﬁ(—i—uﬂ—&- dd + s3).

Exclusion Principle allows only symmetric part of P ® P:
(8®8)s =185 27
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SU(3) group decomposition

[e]e]e]e] lelee]e]e)

Amplitude decomposition

Express the decay amplitudes with the SU(3)-transition amplitudes using SBNCBY
Clebsch-Gordan coefficients u5=! =@ v%=!

Clebsch-Gordan coefficients

(1[137=0l3)
A(Bt — ntKO) (8]137=0lI3)
s=1 _ | A(B" = n°K™) oy | (Bll6=l3)
8||157=1]|3
BO 00 0
AT T 7| T1-o][3)

(27[157=1113)

[Benjamin Grinstein and Richard F. Lebed]
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http://arxiv.org/abs/hep-ph/9602218v1

SU(3) group decomposition

g™ in SU(3) decomposition
KBNCBJ

Atree(BO — 7T_K+) + ﬁAtree(BO — 71_0}(0) — T/ + C/ —

10 _
0 4 ) 27155 13)
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SU(3) group decomposition

g™ in SU(3) decomposition
KBNCBJ
O
vl

Atree(BY - nm K1) 4 V2A(BY —» n°K%) = T+ ¢’ = (c1 + ¢2)(27]|157=1]|3)

5 _
PEW (Bt & 7t K% + V2PEW(BT = 1K) = Py + P oy = —AY \[2((:9 + ¢10)(27|157-1][3)
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SU(3) group decomposition

q' in SU(3) decomposition

KBNCBJ
O
“ 3

Atree(BY - nm K1) 4 V2A(BY —» n°K%) = T+ ¢’ = (c1 + ¢2)(27]|157=1]|3)

5 _
PEW (Bt & 7t K% + V2PEW(BT = 1K) = Py + P oy = —AY \[2((:9 + ¢10)(27|157-1][3)

Combining the two:

3 )\(S) cg+ C
C t ©9 10
P P = T+C
Ew + EW 2 )\SLS) 1 Co ( + )
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SU(3) group decomposition

[e]e]e]e]e] leelele)

q' in SU(3) decomposition
KBNCBY

Atree(BO — 7T_K+) + ﬁAtree(BO — 71_0}(0) — T/ + C/ —

10 _
0 4 ) 27155 13)

5 _
PEW (Bt & 7t K% + V2PEW(BT = 1K) = Py + P oy = —AY \[2((:9 + ¢10)(27|157-1][3)

Combining the two:

—3 [Co(p) + Cro(p)

In SM: ge!®e” = — | Ry = (0.64 + 0.05)R
23R, | Cu(w) + o) | 0~ ¢ B

In SU(3) limit: w =0
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SU(3) group decomposition

[e]e]e]ele]ele] Tele)

C
PE‘W and PEW
93 .
bs = A" 7 (e — e10) (8]16113) SBNCBY
s) 3 _
by = )\i‘)i(q} + c10)(8]|15(3)

s) 3 _
bs = A§~>5(09 — ¢10)(27]|15]|3)

(s)
/ ;1 C 5 3>‘t c9 + c10 i / /
=—y/Zbs =2 =210 =— T
Ppw + P pw 5 b5 230 o+ e T+0) qe?(T" + C')
1 /3 3 /3 3 [2
P'g :—\/ib 7\/ib —7\/ib
W =5\ 5B o5V
30

_ 1 )
_3 (7 cg ClO(T/ - C/) _ 7CQ+ CIO(T/+ C/)> _ ngb(T/+ C/)
4>\£L5) c1 — Co 5 c1+ co

V5

V, .
Ppw + P§y, = -5 b= 2Ry, ’V—“ qel@=BA+e) (T 4 )

ub

Exchange and annihilation diagrams neglected. 34



SU(3) group decomposition

[e]e]e]ele]ele] Tele)

C
PE‘W and PEW
93 .
bs = A" 7 (e — e10) (8]16113) SBNCBY
s) 3 _
by = )\i‘)i(q} + c10)(8]|15(3)

s) 3 _
bs = A§~>5(09 — ¢10)(27]|15]|3)

()
/ ¢ [5, 3A " cotcuo
Ppw + P pw = 2b572>\(5>7cl+02

PGy =< \/>b3+ \/>4—*\/>b5

T+ C)=—qe"(T' + C")

(s)
3N c9 — €10 leg+cio,, ., /) i (it ’
= OO0 g DTN (4 ¢y) = g (T + C
4,\(“>( i LA e )) )
5 \% .
PEW + PgW = —§b5 = )\2Rb ’ﬁ qe’(¢_ﬁ+w)(T+ C)

Exchange and annihilation diagrams neglected. 34



SU(3) group decomposition

[e]e]e]ele]ele] Tele)

PE‘W and PSW

93 .
bs = A" 7 (e — e10) (8]16113) SBNCBY
by =293 8||15||3
4= A 5 (co + c10)(8]115]13) model-

(s)3 _ dependent
by = )‘t‘ 5(09 — 010)<27||15||3>

Py + 'Sy = —y[ 2y = 220 0t 10 T+ C)=—qe(T' + C")
ew + P Ew = 2572“5) ot o =—q

PGy =< \/>b3+ \/>4—*\/>b5

(s)
3N c9 — €10 leg+cio,, ., /) i (it ’
= OO0 g DTN (4 ¢y) = g (T + C
4,\(“>( i LA e )) )
5 \% .
PEW + PgW = —§b5 = )\2Rb ’ﬁ qe’(¢_ﬁ+w)(T+ C)

Exchange and annihilation diagrams neglected. 34
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SU(3) group decomposition
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Two approaches

KBNCBJ

_ _3 At ctcao _ _3 At ctcao
‘ qasm = 2 Ay c1tco ‘ qsm = 2 Ay c1tc2
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Two approaches
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Two approaches

SKBNCBJ

w =0 SU(3) limit w =0 SU(3) limit
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jroup decomposition

(o]e] o)

Two approaches

SBNCBJ

w =0 SU(3) limit w =0 SU(3) limit

PSy =0 P'$, depends on C and T -> NP
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SU(3) group decomposition

0000000080

Two approaches

KBNCBJ

_ _ 3 At cotcio _ _3Atcotcio
9SM = 73X, cite ISM = T3 X, cite

w =0 SU(3) limit w =0 SU(3) limit

PSy =0 P'$, depends on C and T -> NP

NP affects only (27||15||3) amplitude
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Diagrams
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qe'? in SM
VS
qe'® in NP
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Diagrams
T,C,P,
o

_ e'® in SM
SU(3) 0.64 % 0.05 s
decomposition wsu(a) = 0 .
qe'® in NP

OPE
operators

Wilson
coefficients

Pw, PGy .
vs _Fierz
T,C identity
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fits
0000000000

Fitting procedure

KBNCBJ

Observables: . ' . ,
CP asymmetries direct Agp = Eg:g;?g:;; = :ﬁiilﬁlz

and time-dependent Scp:  A(t) = Acp cos ¢qt + Scpsin gt
Branching fraction B = F(hf);rr(Hf) = M‘Q;MP

39
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0000000000

Fitting procedure

KBNCBY

Observables: o o
CP asymmetries direct Acp = EE;:%;EEE:B — ::;E:Q;Ile

and time-dependent Scp:  A(t) = Acp cos ¢qt + Scpsin gt
Branching fraction B = F(hf);rr(Hf) = M‘Q;MP

X
expy _ ( atheoryy y2
asymmetries x* = >, ((Acp)(la (f§2cp )i)
exp/g
ratios of BF x* = 3, (R;® — REheory)Covigl(R]e.Xp _ R;_heory)

=B
R_B?I
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fits
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Fitting procedure

BNCBY

Observables: S o
CP asymmetries direct Acp = EE;:;;EEE:}”; _ ifiiim

and time-dependent Scp:  A(t) = Acp cos ¢qt + Scpsin gt
Branching fraction B = F(hf);rr(Hf) = M‘Q;MP

parameters
(including
X2: €Xp theoryy \2 q and ¢)
asymmetries x2 = 3, ((ACP)E;ES?CP ):)
. hl B h
ratios of BF x? = 3", (Ry® — R} ™) Covy ' (RS® — R"*)

=B
R_BU
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fits
000@0000000

Experimental data

PDG world averages. Mainly BaBar, BELLE(2) and LHCb. @;NCBJ
Observable experimental value source corrected BF
AT 0.314 % 0.030 PDG22 -
ArTC 0.01 + 0.04 PDG22, Belle 2 CONF (2022) -
AT 0.33 £0.22 PDG22 -
g —0.670 & 0.030 PDG22 -
BF(xT7~) | (5.16 £0.19)10—% | PDG22, BELLE 2 CONF (2021) | (1.80 & 0.64)10%
BF (T 70) (5.6 £0.4)10~° PDG22, Belle 2 CONF (2022) | (1.82 £0.12)10%
BF(m%#Y) | (1.48 £0.24)10-% | PDG22, BELLE 2 CONF (2021) | (0.52 &+ 0.08)10%

e oMy @ma/Mpo, ma/Mp0) T pppt - 7'r+7r0):| 59
- MBS ®(m_o/Mpy,me/Mpy) | BE(B) = wtm=) | 7y

@ (mx/Mpgo, mx/Mpgo)

00 —_ By T By

BF(BY — 7°7°) }

2
<I>(mﬂ_0/MBS, mﬂ_o/MBS) BF(B) — ntx—)

(X, Y) = /Il — (X + V)2]1 — (X - 1)2]
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https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2209.05154.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf

fits
0000®000000

Experimental data

Observable experimental value

source corrected BF
ATTET —0.0837 + 0.0032 | PDG22, BELLE 2 CONF (2021) -
ATTK? —0.017+£0.016 | PDG22, BELLE 2 CONF (2021) -
ATOKT 0.030 + 0.013 PDG22, Belle 2 CONF (2022) -
ATOKS —0.054 4 0.121 PDG22, Belle 2 CONF (2022) -
g K° 0.58 +0.17 PDG22

BF(xTK~) | (1.9440.05)10~°

PDG22, BELLE 2 CONF (2021)

(6.80 £ 017)10%

BF(7r+ K9) | (2.354+0.08)10~° | PDG22, BELLE 2 CONF (2021) | (7.66 + 0.25)10%
BF(#YKT) | (1.324£0.05)10=° | PDG22, Belle 2 CONF (2022) (4.28 £ 0.15)
BF(7YKD) (10.0 £0.5)10°° PDG22, Belle 2 CONF (2022) (3.561+0.17)

. BF(BY - n~ KT)
| BFeorr(Bt — ot KO)
ho— BF (BT — xOKt)
= | BFeorr(B+ — 7t KO)
no— BF°(BY — n~ KT)
"7 | BFeor(BY — x0KD0)

BFcor (BT — xOK+)

KBNCBJ
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https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://arxiv.org/pdf/2106.03766.pdf
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6
https://inspirehep.net/files/850fdb9ba039c29dfbc1f071e6afd6e6

fits
00000800000

x? scan
KBNCBJ

w For each fixed pointin ¢, ¢ plane fit the rest of parameters - obtain x? value for
this point.

& find minimal x? value.

w draw contours (1o, 20, ...) of the inverse 2 distribution.
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fits
000000@0000

fits

SKBNCBJ
basic SU(3) decomposition

X2 distribution in q - @ plane projection X2 distribution in q - @ plane projection

80

60

40

20

=10.9281

X2 < 10.61

I o CL
I 26 CL
= minimum from fit
= SM expectation L
2 25 0.2

I o CL
20 CL

= minimum from fit
L] ® SM expectation
14 16 1.8 2 22 24

L B L L N R R R R B

T T T R
.5 15
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Jutline Motivation and gene de Diagramm ) ch he > hase ¢ in the SM tion fits um
o 00 00« 000 o 00000008000 0000

Solvingthe B — K= zzle

KBNCBJ

AAcp(Kn) = Acp(BY — KT7%) — Aop(®— KTr7) ~ —2(3(ry)) siny + 23(rfp + r) gsin ¢
AAdcp(Km) == 0.114 £ 0.014

SM scenario NP scenario
basic | SU(3)decomposition | basic | SU(3)decomposition |
% 0 0 (73 L£5)° (31 £45)°
q 0.61 £0.05 0.60 £ 0.06 1.7+ 0.3 0.5+0.3
y (652 £1.6)° (65.3 £ 1.3)° (655 £ 1.3)° (65.6 £ 1.3)°
%T”C —0.062 4 0.006 —0.064 4 0.008 —0.006 £ 0.025 —0.054 +0.013
Srin 0.035 £ 0.010 0.035 £ 0.010 0.036 £0.010 0.0325 £ 0.012
AAcp | 0.111 4 0.013 0.111 £+ 0.013 0.110 £+ 0.013 0.111 £+ 0.013
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fits
00000000800

Toy projection for the future

KBNCBJ

The fit is sensitive to B and A¢op, and S¢p of B — 7K.
BELLE 2 can bring results for all three. LHCb to B(B — K).

Check what happens when the result is shifted by 1o and the accuracy increased.
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fits
00000000080

Toy projection for the future

070y — Ld 0 0 Ld — Ld A
A (O K) = AGOK) 10 oo, TR =YV oy ey
new (.0 70\ _ gold 00\ _ old new _ old
SEp(mPKY) = SgL(mK?) 1O.SCP(TFOKU) O (RO KO) = 1/\/§USCP(7FOKO)I
basic SU(3) decomposition
X2 distribution in q - @ plane projection X2 distribution in q - @ plane projection
S ] Siso
150 -
2 < 28 81
100

- X2 < 27.09

OF TT T T T T T T I T[T T T T
[ = L B

50
0
B oL [ e
[ 20 CL [ 20 CL
_50 [ 30 CL [ 30CL
I 4o CL I 4o CL
m minimum from fit -100 m  minimum from fit
e b b by | ® SM { e becc b b bey I ® SM
0.5 1 15 2 25 3 35 0.5 1 15 2 25 3 35

4 4
q q
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fits
00000000008

projection for the future

The fit is sensitive to Band A¢op of B — 70 KO, 2
new (0 70 old (.0 70 old new \[ old &NCBJ
B"*W(nKY) = BYY(n"K )_106(71'0}(0) T (0 KO) =1/ 20’8(770}{0).
new 070y — 4old (0 g0 old new — old
AT KY) = AZL(nPK°) + 1UACP(7\—0K0) O (O KO = 1/\/§UACP(TFOKO).
basic SU(3) decomposition
X? distribution in g - @ plane projection X2 distribution in g - @ plane projection
9'60:— S r
aof- <10.92 a0l <10.29
201 b
of- L
20 -20
a0 -40~
ol Bl 1o CL ol B o CL
F I 20 CL F I 20 CL
r = minimum from fit _gol = minimum from fit
O ... = SMexpectation Cootveitioitiuit,.1, ] = SMexpectation

1
02 04 12 14 16 18 02 04 06 08 1 12 14 16
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Summary



Summary
0000

Diagrams
T,C,P,
o

_ e'® in SM
SU(3) 0.64 % 0.05 s
decomposition wsu(a) = 0 .
qe'® in NP

OPE
operators

Wilson
coefficients

Pw, PGy .
vs _Fierz
T,C identity
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[e]e] e}
Summary

KBNCBJ

Diagrammatic approach is a helpful tool to study B — PP decays.
The ad-hoc parameters ¢e'® are used to search for NP impact.

The operator product expansion together with the SU(3) decomposition brings
relations between the EW penguin and tree amplitudes reducing the number of
parameters in the problem.

v Thejoint fit to the B — 7w and B — 7 K data does not exclude neither the SM
nor the NP scenario.

v The fit is very sensitive to the measurement of A7,/ and %",
v New results from BELLE 2 can shed more light to understand the situation.

AN IR
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SBNCBY

Thank youl!
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Backup
©0000

SU(3)

SBNCBY

SU:(3) 7‘/udfi‘n'(c+ T)
Vs fK

V2A(B = ntn0) = —e(T' + ")

/% =1.22 4+ 0.01 - leading (i.e., factorisable) SU(3) - breaking corrections
prime’ - labels b — d transitions.

Bose-Einstein statics brings I(7%71) =2 = Al = % 777
Q) — Q) contributeto AT = 1 2?2

= Only Q] + Q) contributes to B¥ — a0zt

assuming SU(3) only @1 + Qe contributes to A3 5 in B — K

e S
I=3)Qi+ Q|Bt) U@

73

general factorisation hypothesis - d5y7(3y = 1 — 3% and Ay
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Backup
00000

Isospin decomposition

SBNCBY
G A 10 10
Har—o = —%& [lci(Q?+Qg)+>‘CQic:|+/\tZOiQi_/\tZCiQiAI:1 + h.c.
V2 | Sat2 =3 =7
GF A 10
Har=1 = ZEOQF = QD+ MY GRAMEY 4 hec.
AI=1 N5 2 (Qf — Q)+ t; Qs + h.c
1/3 1 1 1
AS/QZ\/;<§7:|:§‘HAI:1 §,i§>
2 /1 1 1 1
Ayjg ==+ §<57i5'HA1:1 5,i5>

B2 = \/?<lyil‘HA1:0 17:|:1>
3\2 2 2 2
A =AB° -7 KT)=A3/5+ A2 — By s
Avo=AB" - 7t K%) = Az /5 4+ A1 /o + By o
Aoo = V2A(B® = 7°K%) = 2435 — A2 + Bi)s
Aoy = V2ABT = 7°Kt) =243,5 — Ay 5 — By o
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[e]e] lele]
Az

KBNCBY

Ay =AB° =1 K")=A35+ A1jo — Bi)a
Ao = V2A(B® — n°K%) = 2432 — A1j2 + Biy2
. . 2
A_y =—Te" + Py, — Pl e — gpgw
. . 1
AOO = _CeZ’Y - Ptc+ Pucelry - PEW - ngW
A_i + Ago = 3A43/2 = —(C+ T)e™ — Ppw — PGy = —(C + T)(e” — qe™e™)

_Pew + Phy
c+T

(p+w)

qe’
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Backup
00000

SBNCBY

1/3 1 1 1
Agjo =)= {2 22| Har |2, £
3/2 \/;<2 2‘HA112 2>
1<§ i1‘1(1_§/\t(09+010)
2 \u(C1 + Ca)
1 . S
Agjo = 7§(C+ T) (e — ge™ ™)

3

2°72

2 ))\u(01+02)(Q1+Q2)

1
L)
2 2

1

3 ,11V3 L
If <§i§‘ ?/\u((’l + C‘Z)(Ql + QQ) 9

3 Cy+ Cro

1
g
2

> =(T+ C)e" 777

q=- =0.64+0.05
2/\2Rb CL + Cy
A . 1V,
Y~ —M2Rpe™ A~ 0.22 and Ry = — ~2 ~ 0.41 4 0.07
t cb
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SU(3) breaking

[Benjamin Grinstein and Richard F. Lebec $*N¢8
Let us now consider SU(3)-breaking corrections to the lowest-order Hamiltonian. The

simplest such breaking originates through insertions of the strange quark mass,
H, = mgSs, (4.3)

which transforms as an I = 0, ¥ = 0 octet plus singlet in SU(3). Clearly neither piece
changes the isospin of the Hamiltonian; this would be accomplished by insertions of the up
or down masses, which are much smaller. Let us consider SU(3) breaking linear in m,. In

the case of B — PP, the Hamiltonian contains pieces transforming under

Be6alf)®(1e8)=3®6@15324 ¢ 42, (4.4)
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http://arxiv.org/abs/hep-ph/9602218v1
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