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SU(3)-flavour symmetry
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SU(3)-flavour symmetry

\

(good symmetry) (approximate symmetry)
‘ Isospin ‘ U-spin ‘
2.2 MeV 4.7 MeV 926 MeV
My ~ Mg ~ Mg : Symmetry under the strong force

Standard model (SM)

!

‘ The symmetry breaking is due to the mass difference between the s-quark & u,d-quarks =~ 30%
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« Using the SU(3) symmetry one could find relations between several decay amplitudes.

* Any deviation from these sum-rules hints at SU(3) breaking .

A(B_U — ’ﬂ'+DS_) =12 A(B_ — 'ﬂ‘UDS_) — Related by isospin

A(B_ — K_DD) = A(B_U — K_D+) + A(B_O — IEODD) =) Related by SU(3)
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Why study SU(3) breaking in B » D(D)P decays?

« SU(3) symmetry breaking higher than 30% seen in B -> PP decays.

« QCD-factorization discrepancies in certain B -> DP decays.
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B —» D (D)P system under SU(3)
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« Under SU(3)-flavour: B forms a triplet 3, D forms a triplet 3 and P is an octet 8.

* We have a total of 26 decays to consider.
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B —> DP b — cuq X VcbVJq

B - D (D)P
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* The second channel has a weak phase: y
« Hamiltonians transform differently under SU(3).

 Interference between the two channels gives rise to CP-violations
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Reduced Matrix Elements: RMEs

* RMEs are defined using representations of the initial and final states, as well as the Hamiltonian.

* We use Wigner-Eckart theorem to express decay amplitudes.

W [

o 03=(38[]3)
01, = (15[}83)

RME = (DP||H||B) =) 05 = (61]8][3)
N4 s (o]

representations S5 = <15 |6 |;§> Sy = (3 6

I
~—

Ts = (6/|3]|3)  T3=¢3|[3

ol
~—

THEORY CANADA 18 Universitét'”‘l 9

de Montréal




How to express decay amplitudes?
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Topological diagrams
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« The amplitude of each decay is expressed in terms of diagrams or RMEs

« The observables are given by:

A(B = DP) =WV5 Y  Mye®

/

CKM factor

B(B — DP) = |A]*.®

C

A2 - AP
AR+ AP

S ~ 2Im(\)
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Diagrams or RMEs

Branching ratio
Time-dependent direct CP-asymmetry

Time-dependent indirect CP-asymmetry
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Symmetry breaking in diagrams
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Symmetry breaking in diagrams
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Mass difference insertion (ms —mg)/A

Correction diagrams Ti & Ci, when the s-quark is a spectator or when it comes from a vertex.

This adds additional diagrams to our parameter space

These corrections are expected to be small: 30%
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Running the fits
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First channel: B - DP

— AS = 0: 6 decays «  We have then atotal of 12 decays: 10 branching ratios measured

B - DP «  We have 5 parametersintotal: 1,C,E,0c,0E

e SU(3)-F breaking: T3, Ci, B, 01,,0¢;,0E, (12 total)

— AS = —1: 6 decays

«  We run a y?2-test.
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First channel: B - DP

— AS = 0: 6 decays «  We have then atotal of 12 decays: 10 branching ratios measured

B - DP «  We have 5 parametersintotal: 1,C,E,0c,0E

e SU(3)-F breaking: T3, Ci, B, 01,,0¢;,0E, (12 total)

— AS = —1: 6 decays

«  Werun a y?-test.

PHYSICAL REVIEW D 109, 113006 (2024)
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First channel: B - DP

— AS = 0: 6 decays «  We have then atotal of 12 decays: 10 branching ratios measured

B - DP «  We have 5 parametersintotal: 1,C,E,0c,0E

e SU(3)-F breaking: T3, Ci, B, 01,,0¢;,0E, (12 total)
— AS = —1: 6 decays

«  Werun a y?-test.

PHYSICAL REVIEW D 109, 113006 (2024) The paper found: SU(3) symmetry is excluded at > 5¢
‘ Breaking of 20% is enough to explain
the data
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First channel: B - DP

— AS = 0: 6 decays «  We have then atotal of 12 decays: 10 branching ratios measured

B - DP «  We have 5 parametersintotal: 1,C,E,0c,0E

e SU(3)-F breaking: T3, Ci, B, 01,,0¢;,0E, (12 total)
— AS = —1: 6 decays
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PHYSICAL REVIEW D 109, 113006 (2024) The paper found: SU(3) symmetry is excluded at > 5o
‘ Breaking of 20% is enough to explain
the data
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First channel: B - DP
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B - DP «  We have 5 parametersintotal: 1,C,E,0c,0E

e SU(3)-F breaking: T3, Ci, B, 01,,0¢;,0E, (12 total)

— AS = —1: 6 decays

«  Werun a y?-test.

PHYSICAL REVIEW D 109, 113006 (2024) The paper found: ~ SU(3) symmetry is excluded at > 5o
‘ Breaking of 20% is enough to explain
the data
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But what if we expand to
more observables by

including B — DP
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Second channel: B - DP

— AS =0: 8decays

o]l
l
]
~o
\

_ AS = —1: 8decays

«  We have then a total 16 decays: 5 branching ratios measured
+  We have 7 parametersintotal: 1,C,E, A 56’7 0350
« The SU(3) breaking parameters: ﬁ,éi,Ei,fii,csﬁ,c?éi,déi,cszg (16 total)

7

Deviation independent of SU(3) breaking

| _ 0 ~— /
Q b~ = DS } The two decays are related |:> ABr ~ lo

— _ by isospin
B® — 7t D;
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Combining the two channels
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Global fit

Now we include both channels: B - DP & B —» DP
We add CP-violation observables: S,C, Acp
We have a total of 26 decays, 25 observables and 13 parameters

The fit is constrained by the CKM angle y = 65.9° (World average)

We now have 12 degrees of freedom

T.C,E
5075E
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We perform a fit with no breaking in SU(3) (§x = 0%):
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We perform a fit with no breaking in SU(3) (6x = 0%): X2/d.0.f. = 144/12 p-value of 0 (> 80)
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We perform a fit with no breaking in SU(3) (6x = 0%): X2/d.0.f. = 144/12 p-value of O (> 80)

2
We allow a breaking of 30% —> x° =15
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We perform a fit with no breaking in SU(3) (6x = 0%): X2/d.0.f. = 144/12 p-value of O (> 80)

2
We allow a breaking of 30% —> x° =15

We find the lowest y? at 6y = 60% ) X2 = 2.6
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We perform a fit with no breaking in SU(3) (6x = 0%): Xz/d.o.f. = 144/12

We allow a breaking of 30% —>

We find the lowest y? at 6y = 60%

We run a profile of Ay?(6y) relative to 6y = 60%

Ax® = x*(6x) — x*(60%)

y2 =15
) X2 =26

180

p-value of O (> 80)

120 4\

1004 N\

Ax?

604 N

140 P\

0.0 0.1
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*  We have good precision for diagrams:

T.C,E,T,C

* Ratios of the diagrams relative to T are higher than the expected hierarchy: |E/T’, ‘A/T| ~ 0.05 |C/T| ~ 0.2

10>[GeV]

= Py
R e R S = 717\ AN NN SO S S
1 T o
e e e e 2 o B e T
] i Z Z Z o 1 ' ' ‘ i i
0.80 -ttt g e B
0.25 - pr o L 150 b
000 _._1,:.._._._5._.._.?.“._._1,:“:_._,:r_.:_._,:r._._._.r:_zoo _-'.",i"."."TT':L'."I".".":L'."I'T'."EL'I".".".":?"."."."."J,i".

Best fit values with SU(3) breaking
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— |=|=0.95£0.01
|71 = 0.55 £0.0
L
T
T

= 0.10x0.01

| =0.73 £ 0.02

| =0.63+0.35

~—— |

el
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Takeaways & conclusions

« SU(3)-flavour symmetry breaking of 30% is not sufficient to explain the data when combining all channels.
« A 30% breaking model has a 4.8c deviation relative to the 60% breaking model.
* The hierarchy between the diagrams is two times higher than what was expected.

« Having good precision for T & C diagrams we can predict the branching ratios of some unmeasured
decays:

B'r'(B_g — KTD"7) Br(@ — K_'Oﬁo) B'r(B_g — Koﬁo)
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Backup slides
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Symmetry breaking in RMEs

« A more rigorous way is to multiply the initial and final states, the Hamiltonian by a mass difference spurion and
find the new RMEs.

» The mass spurion operator is given by:
Qv = —285 4 dd + uu

The new contributions are:

¢ = (f[H®Qu|B)+(Qu ® f|#|B) + (f[H|Qm ® B)

Thus obtaining new RMEs:
0%, = (15|84 |[3), O} = (6][84][3). 0} = (3]} 8. |13,

_ Bobp | 0%, = (T5|8,|[3), 02 = (6]|8,|[3), 02 = (3| 8, |I3),

Wi = (15]|10|[3), Zs = (15]|27][3), Vs = (6| 15]|3).
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Diagram-RME relations

@ 7 (F) o E (e

a_ﬁ'ﬁ W O;= (3I8|3)  Sus = (15]|6]|3)
’ : - O = (15|[8]3) S5 = (3[|6][3)

© E (E) ) i 06 _ (6”8”3) T, = <3 3 3)

R Lce 1 = (6113113)

Y.
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Observables

Branching ratios

Decay modes

Value

Diagram contributions

Decay modes

Value

Diagram contributions

(AS =0) o VyV, =

02

~ VipVoy = O(XY)

CP-asymmetries

Decay modes

C, Acp

B - DP

(B~ — n D%
(B~ —» n~DSF)
(B~ — 7~ DF)

Acp = —0.003 £ 0.005
Acp = —0.008 £ 0.003
Acp = 0.017 £ 0.026

(B" = 7~ D7) C=-1 S = 0.038 £ 0.021
(B — 7°D% || Acp = 0.004 + 0.024
(B~ = K~D°) || Acp = —0.017 £ 0.005

(B~ — K~ D¢P)
(B~ — K~ DCP)

Acp = 0.136 £ 0.009
Acp = —0.14 £ 0.05

B(B~ — 7~ DY) ||(4.61 £ 0.10). 1073 T,C
B(B° — 7~ D) ||(2.51 £ 0.08). 1073 T.E
B(B° — w°D°) ||(2.67 £ 0.09). 10~* C,E
B(B° - K~D})|| (2.7+0.5). 1075 E
B(BY — K°D%) || (4.3+0.9). 107* c
B(B? — 7~ D) |(/(2.98+0.14). 103 T
(AS =1) o VyVy, = O(X%)
B(B~ — K~ D")|/(3.64 £0.15). 10~* T,C
B(B® -+ K~ D™%)|[(2.05 £ 0.08). 10~* T
B(B® — K°DP) || (5.5 +0.4) x 10-° C
B(B? — n~ DY) n.a. E
B(B? — D% n.a. E
B(B? - K-DF)|[(1.94 £ 0.21). 10~* T,E

(B +K—Df) || C=-073+£015 |S=-0.49+0.21
B - DP

(BY — 7t D) c=1 S =0.058 £ 0.023

(BY - K*+Dy) C=073+£015 |S=-052+021

B(B~ - n~ D" n.a C,A
B(B~ — «°D") n.a. T,A
B(B~ — K°D;) <3.5x1076 A
B(B® » xtD7) || (7.3+1.2) x 1077 T,E
B(B° — =0 D0) n.a C,E
B(B® — K*D;) n.a E
B(B%, —» KtD™) n.a T
B(B%, — K°DY) n.a c
~ Van Ve = O(X)
B(B~ — K~D) | (3.60 + 0.24) x 106 C,A
B(B~ — K'D™) <2x1078 A
B(B~ = 7°D]) || (1.6+0.5) x 1072 T
B(B" — K°D") n.a. c
B(B® - 7#tD7) |[(2.03+0.18) x 107 T
B(B? - K*D;)| (26+1.2)x107° T.E
B(B? — ntD™) n.a. E
B(B? — 7D n.a. E
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Ay? profile

L(5x§ 9)
A= A~ A Log-likelihood ratio test; 6 are the nuisance parameters
L(6x;0)
—2log(A) = AXZ Wilks' theorem shows that this quantity behave like a x*

distribution with d.o.f. =1
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