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QCF Factorization of non-leptonic decays
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QCF Factorization of non-leptonic decays

Naive factorization special case of
—
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QCF Factorization of non-leptonic decays
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Weak annihilation
contributions
are non-factorizable



QCF Factorization decomposition

M,
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Weak annihilation contributions One of the main drawbacks

are non-factorizable of QCDF

These contributions are power suppressed AQC / mb
D

To address this problem educated Ansatz are made

. i< <1
Xa = (1+pae )inE o

A Ap =~ O(Agep)



WHAT CAN WE

E LEARN ABOUT THE

—

ANNIHILATION CONTRIBUTIONS FROM

DATA?

WHAT IS THE SIZE OF THESE TERMS
AS REQUIRED BY

PHENOMENOLOGICAL
OBSERVATIONS?

TO ADDRESS THESE QUESTIONS WE
USE FLAVOUR SYMMETRIES TO
PARAMETRIZE THE RELEVANT

DECAYS



Non-leptonic B meson decays

B meson
light pseudoscalar

lu,d, s]
B = (B+,B2,Bg)
P 0 n’ B B
_ ~ = :7/%%-\/"5 ' K
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Topological decomposition

TTPA = T Bi(M);H] (M)f + C Bi(M);HY (M) + A B;H}' (M), (M)f
+E BiH (M), (M)} + LagBiH” (M);(M);; + TasB:H{" (M) (M)
+Ts By(M); H (M)} + TpaBH{'(M);, (M) + TeBi(M)j(M); H}*
+LssBiH]' (M) (M)},
SU(3) Flavour (u, d, s]
70 q 77:1 — -
7 T 35 Vs : a , [f
B = (BB, BY) M= o R imn g
K™ K" Ns + 17,



Topological decomposition

TTPA = T By(M), B (M)} +C Bi(MY;HY (M) + A BH! (M)} (M)}

J

+E BiH}(MYL(M)} + T B:H (M)}(M)f + TagB:H{* (M)}, (M)
+Ts Bi(M); H (M)}, + TpaBi H}' (M), (M)} +
+Tes B H;' (M) (M)y,
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SU(3)-Irreducible decomposition

= ATB;(Hs) (MY[(M)% + CF Bi(M):(M)](Hs)* + BY Bi(Hs) (M)E(M)’
+D5 Bi(M);(Hz)' (M) + A§ Bi(Hs)j! (M)5(M)f + Cg Bi(M)j(He)i, (M)]
B By(H)? (M)5(M)} + AL B (Hs) (M), (M)f + CE B(M)i(Hps){* (M)
+BL Bi(H) (M) (M),

SU(3) Flavour lu,d, s]
T q 77:; - —
/2 i5 :7/5 + V2 O (s [f
B = (B*, By, BY) M = A o e TS
K+ K Ns + 1,

k



Equivalence of the decompositions

)y + Z(Hﬁ);f — g(Hg) &, + ‘g(Hé")J(Sk

Topological to SU(3)

X.-G. He and W. Wang: 1803.04227

A§:—§+%+Tpm B[{:TssnLSTASgTES,
C{=%(3A—C—E+3T}+TP, D§:T5+%(3C—TAS+3TE5—T)
A = i(/—l - F), B = %(TES — Tas),
O§"=i(—0+TL Als = A;—E,

s TES‘gTAS CcT — %



SU(3) amplitudes from data

Perform a ¥ fit X’ = Z(O“'Thm;(pofxp)g

0;

10 Tree complex amplitudes
Ay, Cy, Ag, C5, Ai;, Ci;, By, Bg Bi; Dj
and 10 Penguin complex amplitudes (replace T for P above)

The combinations Cy — Ag and BI 4+ AT always appear

together (analogously for penguins)

OT — AT & T Cs —As — Cq
Redefine = s 5 5 = 5
Absorb a global phase by taking C?I,D as a real parameter

35 parameters + Orks = 36 parameters to fit.



SU(3) amplitudes from data

Best fit point (modulus in GeV?)

| AT | = 0.029, 04 = —3.083,
|CF | = 0235, dor = —0.079,
|CT5| = 0.151, Sor. = 0.061,
|Bg | = 0.033, dogr = —0.286,
|17 | = D085, dpr = 2.942,
|A¥| = 0.014, 04p = —1.328,
|Af.| = 0.003, Oar = 2.234,
|BY'| = 0.043, dpp = 2.367,
|Bf;| = 0.031, dpr. = —0.690,
|IC¥| = 0.008, Oris = 0.628.

|C5| = 0.258,
|AL| = 0.029,
|B3 | = 0.034,
|Bs| = 0.008,
€5 | = 0.145,
|Cf:| = 0.003,
|BE| = 0.099,
|DY| = 0.030,

Annihilation amplitudes below 10%.

§ 41, = —3.083,
Spr = 3.087
(50{{3 — —288]_j

Ser = —0.608,
6pr = 0.353,

x?/d.o.f. = 0.851



QCF Factorization decomposition
AQCDF _ \/_ Z A {BIU’l (alépuU + afi] +0ty EWQ) My A

p=u.c

+ BMiA, - Tt [(azépué' + a4l +af gy Q) Mz]

+ B (BadpuU + B3I + B oy Q ) MDA,

+ BA, - Tt | ( BidpuU + BUT + B gy Q) MlMg]

+ B (Bsabpul + Bl + By o Q) Mihy - TrM;

+ BAy - Tt | (Bs10pul + Byl + Yy 1y Q) M| - Tng}
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QCF Factorization-Topological Equivalence
We consider the following results

u o u _ C . u Cc u _ pc o
Qg3 = (g = a3, Q3 gy — O3 gy — Q3 EW, B =0,=06, b =b=>b

-3
| g pw — @ py| < 10 la§ — af| ~ 2%
NNLO
NLO Bell, Beneke, Huber, Li:2002.03262
QCDF to topological transformation rules
T = An My 01, C' = Ao, E = Amya P,
A = Apmp P, Tas = AmymzPs1, Tps = An s Bs2,
] azgw  Ds: JEW
S = —Amym, |03 + Bs3 — > - = :|a
! 2 2
a5 9. ,
P = — Ay, @4 +ifig— 4TEW = /s,;w ]}

Aprpas, = (1.25+0.17) GeV?®



SU(3) Confidence Regions
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The real and imaginary components of the weak annihilation amplitudes
as allowed by data can be between 4% and 30%.



Optimized Observables

Another way to deal with the power corrections is to construct
optimized observables

Use a ratio involving as initial state Bs (numerator) vs Bd
(denominator) to benefit from flavour symmetry

B(B, — K*K*) fF A2+ |43

L £ S *k b S * —
K*K p(mKO i O)B(Bd%K*OK*O) Ld |Ad|2_|_|Ag‘2

since the final states are vector states only the longitudinal

amplitude is free from infrared divergences at LO.
S. Descotes, J. Matias, et al [2011.07867]

A Biswas, S. Descotes, J. Matias, GTX et al [2301.10542]

B,
i

P(Mpx0, M px0) Phase space function

Longitudinal polarization fractions



Optimized Observables

. |A |2_|_|}_10|2 e 2 1—|—|Oé's|2 %SS +2Re( )Re(a )
K 2 L 1adi2 |,
|AG]2 + | A Fa 1—|—]ad]2%j —|—2Re( )Re( a)
At A 0.48
REESY 22917077,
d >\d —0.0123 +0.0123 .
* T XM = —0.0135 g 94 + 0-41767 54,
o = s = 0006 ! 001z GG
S. Descotes, J. Matias, et al [2011.07867]
Naive QCD
SU(3) ¢ L 7
actorization factorization
& 4+0.20 F, 0.20
=3 = [ B =1 ?3 _ o,gzjo:w
d d




Theoretical and Experimental values

Final Experimental result LY. =443 +0.92
Erens = 2801 1.90
SU(3) K*K* Z12 D0 .

Theory Naive factorization L« o+ = 19-21_2:% 3.00

QCD factorization | L3z« =19.53Tges  2.60

Montecarlo distribution
obtained from varying the =

nuisance parameters —r
O;J_Iiﬂ) IZIUI'SOFII/%’—I[_IIEF)IOﬁ

L

K K"

2.6 o discrepancy between theory and experiment



Alternative Observables

Proceed in an analogous way to define
Lop = of )B(BS — KOK%)  |A%|2 + |A%)2
KR = P\MKo, Mko B(B; — KOKO) — |Ad|2 4 |Ad|2’

i LEP — 14.58 + 3.
Experimental result KE 58 + 3.37 o 4o
LSM — 926 00—|—3.88 diSCrepancy
QCD factorization KK — <9Y-3.59

L
10 20 30 40

KK



Explaining the tensions via NP
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Solutions for CZP and Cévsp combined

Notice that C,. requires C, #0



Summary and Outlook

« Power corrections are a major source of uncertainty in our
determinations for non-leptonic B meson decays.

« By fitting to data we have determined bounds for different QCDF
amplitudes.

« The real and imaginary components of the weak annihilation
amplitudes as allowed by data can be between 4% and 30%.

» Another way of dealing to reduce our sensitivity towards these effects
IS by using optimized observables based on ratios of squared
amplitudes.
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Anomalies in B> DK and B> D

B(BY— DYK™)_
- heo. prediction
(Belle 2111.04978) Thoo. prediction 1
B(BO — DTK~ ) ° e Theo. prediction 2
(2007.10338)
B(BO — D¥" K~ ) . L Current exp. value
(PDG)
B(BY — Dfn~)— . ,
B(ég — Dz‘<+ ) 0 | °
B(BY = D*r)—
B(BY = D1 —
B(BY — D+ K~)—
| | | |
2 3 4 5

Branching fraction
(Units of 1073 for b — ciid and 10~ for b — ciis decays)



Decay Amplitudes Parameterizations

Considerthe process B — PP

where P is a charmless pseudoscalar meson

The physical amplitude can be decomposed as

_ G
TDA _ .YF [+TDA TDA
A = L—\/ﬁ {1 + PJ ]
)\](DQ) — ‘fpb‘fpﬂz] )\SJ) Ag‘l) q — d, S

A9 4 A@ 4yl — g



Anomalies in B> DK and B> D

B(BY— DYK™)_
- heo. prediction
(Belle 2111.04978) Thoo. prediction 1
B(BO — DTK~ ) ° e Theo. prediction 2
(2007.10338)
B(BO — D¥" K~ ) . L Current exp. value
(PDG)
B(BY — Dfn~)— . ,
B(ég — Dz‘<+ ) 0 | °
B(BY = D*r)—
B(BY = D1 —
B(BY — D+ K~)—
| | | |
2 3 4 5

Branching fraction
(Units of 1073 for b — ciid and 10~ for b — ciis decays)



SU(3) amplitudes from data

The physical amplitudes can be expressed as linear
combinations of the SU(3) sub-amplitudes

Channel [AT| CT [AS | CT AL | CL | BY | B | B | D}
B> [ 0] 0 [o] o [Jo[4a2l0]0o]o0T]o0
B-—> K'K-| 0 1 1| -1|3]|-1|0]0]O0]0O0
B s atn— | 2 1 -1 1 1 3 0 0 0 0

B? - 7070 2 1 o | 1 1 -5 0 0 0 0
B - KtK- | 2 0 0 0 2 0 |0/ 0] 010
BY - K°KO | 2 1 1| -1|-3]-1|0]0]O0]oO0
Bi—7°K’ | 0 |~% | |~ || | 0[0] 00
Bi—onm Kt | 0 1 |-1| 1 |-1| 3 |0]O0]| O] O
B =>7m°K- | 0 % \L@ —% % % 00| 010
B~ =7 K| 0 1 1 | -1 3| -1 {001 0] 0O
B atK- | 0 1 (-1 1 [-1] 3 |0/|O0O]|] O] O
B a°K° | 0 —Jﬁ ﬁ —Jﬁ Jﬁ 72— 00/ 010
B, st | 2 0 0 0 g 0|0 |01/ 00

B, » 7070 | 2 0 0 0 2 0 |00/ 00
B,»>KtK—| 2 1 | -1 1 1 3 /0010710
B, -+ K°K° | 2 1 i | 1 |=3| <t |0 | 06| @ | 0




SU(3) amplitudes from data
Include Y] contributions in the Feldmann—Kroll-Stech scheme

Orrg mMixing angle T Feldmann et al: 9802409

Chamnel |AY [C3 | A | C5 | A | CL | B | B | Bi; | D;
B —=nm | 0 | V2| V2 0 [3v2|2v2] 0 V2 | 3vV2 | V2
B —nm™ | 0 0 0 1 0 -1 0 1 3 1
B® — n,m° 0| -1 -1 0 > 2 0 -1 5 -1
Bonr® |0 0| 0 |=%| 0 | 5|0 |-F%| % |-
BomKe | 0| & |-L| L |- | L | 0 |-V2|-v2| /2
B,—onK°| 0| 1 | -1 0 | -1 | 201 -11] 1
B anK |0 | H| S| K5 | H| |0 | v2 |32 V2
B —nK™ | 0 1 1 0 3 -2 0 1 3 1
B —=n,K° | 0 % —% —% —% % 0 | —vV2|-=v2| V2
B —5nKY | 0] 1 -1 0 -1 -2 0 -1 -1 1
B;—»nm® | 0| 0 -2 0 4 0 0 -2 4 0
B,—»nm® | 0| 0 0 |—v2| 0 [2v2] 0 |—vV2|2v2]| 0
SN IR RAES RN
8% 9, 0 0 0 - 0 ~ 5 2\@ 7 72 72
B® — nn, 1 0 1 0 -1 0 1 1 -1 0
B, — 141, 1 0 0 0 1 0 2 0 2 0
Bi=nms | 0] 0] 0| 0 | 0 |vV2[2/2] 0 |—v2| V2
Bs — nsns 1 1 0 0 -2 -2 1 0 -2 1
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