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Introduction

o Tests of the Standard Model, how well are flavor symmetries such as
isospin and SU(3)r realised in data

o Searches for New Physics
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Hadronic anomalies

o A long-standing puzzle in the four B — 7K modes -
Bt - ntKY BtY - 79K+, B - 7K° B - n~ K+
— a certain inconsistency among the measurements of the branching
ratios and CP asymmetries (direct and mixing-induced)

o Satisfy the isospin quadrilateral relation

[ V2A4% 4 A=t = /240F 4 ATO ]

e Assumption motivated by QCD factorization - Discrepancy at the level of
~30

e Visit the B — pK™* modes to check for any puzzle

e B — pK* modes comprise: BT — pt K*0 (+0), BT — p°K** (0+),
B 5 pOK*0 (00), B — p~ Kt (—+)

o Related by both isospin and SU(3)g
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Hadronic anomalies

Anomalies in Hadronic B Decays

Raphaél Berthiaume,':* Bhubanjyoti Bhattacharya,? T Rida Boumris,®
Alexandre Jean,'»$ Suman Kumbhakar,!» 1 and David London!> **

! Physique des Particules, Université de Montréal,
1375 Avenue Thérése-Lavoie-Rouz, Montréal, QC, Canada H2V 0B3
2 Department of Natural Sciences, Lawrence Technological University, Southfield, MI 48075, USA

In this paper, we perform fits to B — PP decays, where B = {B°, B, B?} and the pseudoscalar
P = {r, K}, under the assumption of flavor SU(3) symmetry [SU(3)r]. Although the fits to AS =0
or AS = 1 decays individually are good, the combined fit is very poor: there is a 3.60 disagreement
with the SU(3)r limit of the standard model (SMsuy(s),.). One can remove this discrepancy by adding

|7 €| | Puc |4] @ AS =0 fit: p-value ~ 0.84
Fit | 40+05 | 6.6+0.7 3+4 6+5 | @ AS =1 fit: p-value ~ 0.40
AS =0 |PAul [ Prc| [PAc| @ Combined AS =0 and AS = 1 fit:
07+08 | 08404 | 02+04 p-value ~ 1074
7| || |PL.| |A| @ Disagreement with SMgy(s), ~ 3.6 ¢
Fit 48+ 14 A1+14 | 48+15 | 81£28 | ppyg Rev. Lett. 133, 211802 (2024)
AS=1| |PA,] | P [PAL| arXiv: 2505.11492)]
T+4  [0.78+0.16) 0.24 +0.04
IT'/T| IC/C | |Pie/Puc| | |A'/A|

12+ 4 6.6 + 2.2 16 + 22 14413

[PA,./PAuel| |Pl/Pec| [|PA}/PA|

10£13 (097052 1.3£27
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Transversity amplitudes

3 helicity amplitudes - Ag, A11, A_1-1

A A+ A A A — A1
= 1=
. V2 V2
S 2
Ap = — = Db
T BTV
2 1

Ao, Aj| = Symmetric, Ay — Anti-Symmetric
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Transversity amplitudes

3 helicity amplitudes - Ag, A11, A_1-1

A= Ann+A_1-1 AL = A1 —A_1_1
s V2 5 V2 Space | X | Spin | x | SU(3)p
Ao = *ﬁ + gD
2 1 Symmetric Symmetric Symmetric
Ay=4/35+4/5D AL=-P (1=02) (s=02)
Anti-symmetric  Anti-symmetric Symmetric
Ao, Aj| = Symmetric, Ay — Anti-Symmetric (I1=1) (s=1)
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Transversity amplitudes

3 helicity amplitudes - Ag, A11, A_1-1

A= Ann+A_1-1 AL = A1 —A_1_1
s V2 5 V2 Space | X | Spin | x | SU(3)p
Ao = *ﬁ + gD
2 1 Symmetric Symmetric Symmetric
Ay=4/35+4/5D AL=-P (1=02) (s=02)
Anti-symmetric  Anti-symmetric Symmetric
Ao, Aj| = Symmetric, Ay — Anti-Symmetric (I1=1) (s=1)

Methods

SU(3) Reduced Matrix Topological
Elements (RMEs) <]::{> diagrams

Equivalent
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@ Application of the Wigner-Eckart theorem to the B — V'V amplitudes under
SU(3)r X SU(2)spin symmetry

@ How each piece of (VV|Hw|B) transforms

@ Symmetric product of two octets — 5 Symmetric RMEs

2 10
=% 3 (0 3wl 03 )
=1 1=3

q=d,s
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@ Application of the Wigner-Eckart theorem to the B — V'V amplitudes under
SU(3)r X SU(2)spin symmetry

@ How each piece of (VV|Hw|B) transforms

@ Symmetric product of two octets — 5 Symmetric RMEs

2 10
=% 3 (0 3wl 03 )
=1 1=3

q=d,s

B3®3)3* =3"03*" 060 15"
3'R3=108
6®3=8 @10
15" ®3 =83 10" © 27
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@ Application of the Wigner-Eckart theorem to the B — V'V amplitudes under
SU(3)r X SU(2)spin symmetry

@ How each piece of (VV|Hw|B) transforms

@ Symmetric product of two octets — 5 Symmetric RMEs

2 10
Gr
=% 3 (0 3wl 03 )
qg=d,s =1 =3
B®3)®3" =303 "p6@ 15" B8®8)s =1®85 P27
3* (24 3 =1 D 81 J
603=8&10
15" ®3=8;® 10" § 27 . .
(1]|37(13) s@8)+ (8II37(I3) (s@8) s »
(8116]13) (s@8) s+ (8II157[13) 88) s
(27](15713) s@8) 5
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Diagrams

o NP T (tree), C' (color-suppressed tree), P,. (penguin), A (annihilation), E
(exchange) and PA,. (penguin annihilation)

o M9 Py, PAs., Phw, PSw, PE,, Piyw, PEy and PEAx

(a) T.T (b) Cc,C
u
5 ao~a b 5
-
L ‘1_,_2"1’
© P, P’ @ E.E’
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EWP-tree relations

@ 3 Symmetric RMEs appear in both
Au, At parts

o Electroweak penguin diagrams in A¢

/ Symmetric \
.

Aw A
‘ related to tree diagrams in A,
/ / sector after properly taking into
‘ RMEs Diagrams Diagrams ‘ RMEs account the Wilson coefficients-
® © @ _® JEWP-tree relations
e 3[co+cio,= A = Co—Cl0,7 A
PT :——[7T C+A 7T—C—A}
Ew 4 61+C2( tet )+C1—C2( )
= 3[co+cio,%  ~ = Co—C10,7% A 7
P :_7[7T G- A)—2=A0f —A}
B 4 Lcr+ce + ) c1 —cC2 )
pa — _3ctaog

2ci+c
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Decay distribution
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Decay distribution

dr 2 2 2
——— | |Aog| cos“vicos va
dcosvy dcosvadd

A2, 2
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o Full angular distribution in B® — p° K*° mode

hy2
(05TP_oth)

o Optlmize X2 = Zl W X,Q,lm/d,o.f = 10/4

Results for A = 0 |70 |C°| | Py [P

(in KeV) 120+ 4.0 | 11.7 £23 | 24.9 + 35 | 0.03 £ 0.06
Results for A = || ll el |PlL| ||

(in KeV) 31.0 £ 21.0 | 12.0 £ 10.0 | 25.9 £ 3.1 | 0.21 + 0.18
Results for A = L |T| || |PL| |PL|

(in KeV) 230+ 11.0 | 170 +5.0 | 74 +35 | 0.16 + 0.06

'I%OT“ — 0.98 + 0.38, % — 0.39 + 0.42, % —0.74 + 0.41

@ From QCD factorization, |C|/|T| ~ 0.2 — Imposing, we get X2, /d.o.f = 4.9/7
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Conclusions

@ Preliminary results seem to suggest that there is no puzzle in the
B — pK* modes - SU(3)r symmetry is satisfied

o Far from being conclusive - Not all observables available experimentally
o Full angular distribution measured only in B® — p° K*0 mode

@ This formalism sets up the stage to perform global fits with all AS =0
and 1 modes and test the SU(3)p symmetry

o Full angular analysis in all four modes might shed light on tests of the
various symmetries

e Data on suppressed observables such as CP asymmetries, TP
asymmetries, etc in these channels might lead the way for NP searches
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Back-up slides (EWP diagrar
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Back-up slides

@ Relationships between RMEs and diagrams for A\, part:

1
Ay = —(~3Ts + Cs — 8P — 8E5 — 24PAsg
1 2\/5( S S S S 5)
WG )
As=¢ \/; (=3T + Cs — 8Ps + Es — 3Ag)
NG

Rg = 1 (Ts — Cs + Es — Ag)
1 y )
Py= (T + Cis 505 +545)

1
Pyr

v = —2\/3(Ts+(’s)

@ Relationships between RMEs and diagrams for A; part:

By =—

(24(”«‘-)H +72(PAse)s — 3(Phw)s + (PEw)s — 8(Pow)s — 8(Piiy)s — 24(1’/:’{4‘17“)5)

1
6v/3

1 5 v - >
By \/* ( — 24(Py)s + 3(Phw)s — (PEw)s + 3(Phw)s — (Phw)s + 3“’1’;‘»‘1/%)

~24V3
Rg = 12 (Piw)s — (Pow)s — (Piaw)s + (Pow)s
1 . v 4 .
Py 24/3 ((I’/{,’w)ﬂ + (Piw)s +5(Phw)s + 5“’1’&4/).\)

1 . .
Py7 63 ((PI{,‘VVJH t (I)l('}vl")ﬁ')




Back-up slides

Decay BR | Acp | Scp | fL I Ay TPAs | pol obs
BT ="K | V| V v
Bt = ptK | /| V vi
B o K |y | v
B = p’K* | | VB VB[V V(6
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