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Non-leptonic B meson decays
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Non-leptonic B meson decays

B meson
light pseudoscalar

B = (B*,BY, BY)
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Non-leptonic B meson decays

B meson
light pseudoscalar
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Topological decomposition
Considerthe process B — PP

where P is a charmless pseudoscalar meson

The physical amplitude can be decomposed as
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7—TDA

Topological decomposition

= T B;(M);H] (M)} + C Bi(M);H(M); + A B;H}(M),(M);
+E B;H(M)}(M)} + TgsB;H’ (M)

S(M)E + TugBiH{' (M) (M)
+T_SBi(M);HlU(M) + TpaBiH)' (M) (M)} + LeBi(M)5(M); H}*
+TssB:H' (M)j(M);,
SU(3) Flavour lu,d, s]
70 q 77:; — —
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Topological decomposition

=T B;(M):H (M)} + C B;(M):H (M) + A B;H!(M)}(M)f

+E B;H}(M);,(M); + Tus B H (M)j(M)j; + Tas B H]' (M)} (M)}

J

+T_SB"'(M);H1U(M);; + %Biﬁfi(M){c(M)f L &B%(M)E(M)iﬁfk

+LsgBiH)' (M); (M),
T :Color allowed tree. P : QCD-penguin.
C : Color-suppressed tree. S : QCD-singlet penguin.

E : W-exchange diagram. A : Annihilation.



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

= Ay Bi(Hz)' (M) (M)} + O3 Bi(M);(M);,(Hs)* + By Bi(Hs)'(M);,(M);
)

+D5 Bi(M)j(Hy) (M); + Ag Bi(Hs)} (M)5(M)] + Cg Bi(M);(Hs)j; (M);
+Bg Bi(Ho)yl (M)5(M); +_ AL Bi(Hs) ) (M)j(M)f + Cls Bi(M);(Hys)" (M)

(
+ B Bi(Hs)j! (M) (M);.

SU(3) irreducible decomposition

3 .
+ < (Hy')? oy,

=ij 1 5 5 L i 1l i o
H, = g(Hﬁ)kj + Z(Hﬁ)kj — g(h%) 07, 3



SU(3)-Irreducible decomposition

= Aj Bi(H3)' (M);,(M)} + C3 Bi(M);(M)}.(H3)* + By Bi(H3)'(M)(M);]

+D5 Bi(M)j(Hy) (M); + Ag Bi(Hs)} (M)5(M)] + Cg Bi(M);(Hs)j; (M);

+ BT B(Ho){ (M)5 (M)} + ALB; (i5)d (M), (M)} + CLBA(M): (Hrs)* (M),
+ B By(Hys) ) (M)5(M)).

Topological to SU(3)

X.-G. He and W. Wang: 1803.04227
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8 8 8
1 1
c§=§(3A—C—E+3T)+TP, Dg":TS+§(3C—TAS+3TES—T)
r_ 1 r_ 1
Ag = Z(A — F), Bg = Z(TES — Tas),
1 A+ E
Tes + Tas C+T
Bﬂ == 8 bl C]:E!; — 8 ?



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

Extract the SU(3) amplitudes by fitting to data

S

P(B — Aflﬂf[g) — 1671‘]\/18

‘AB—HVH f\/f2 |2

S=1 if Mi#M: S=1/2 if M:i=M-:
Observables:

Branching fractions B(B — f) = %TB "B — f)+T(B— f)}

CP Asymmetries Acp(B — f) = I;Eg : g :L gg : g




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

Fit for the modulus and and phases of the relevant parameters.
Use random sampling to obtain the best fit point with 10° points:

e Calculate the ¥* function for 10° points assuming a flat

probability distribution.
» Select the best 5 points leading to the minimum x=.

« Use these partial minimums as starting points for the
Sequential Least Square Programming algorithm, SLSQP.

« Repeat 10° times to get the overall minimum.

To obtain the 65 % C.L regions apply a likelihood ratio test using
Wilk's theorem.



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



Fit-Results: Branching fractions

Branching ratio
in units of 1076

Branching ratio
in units of 107°

Chopme Experimental Theoretical Chpame) Experimental Theoretical
B~ — %7 5.5+ 0.4 6.041282 B —sqgr | 4024027 3801 %%
B~ - K°K- | 1.31+0.17 136100 B~ —»nyr | 27+09 395
B 5oty | 5.12+0.19 6:31105 B® 5 qn® | 041+0.17 5 iy
B® - %% | 1.59+0.26 1.01453} B yn® | 12£06 1.20%392
B - K*K~ | 0.078 £ 0.015 0.1gte0e B, = nK° | Not available it
B - KOK° | 1.21+0.16 fagtes B, — 7 K° | Not available §.65" 5
B,»nK*| 58+07 7.75+0.63 B~ — K 24+04 234718
B —3a’K- 129+ 0.5 | oo B~ > 1K 70.4 £ 2.5 ToR2 -2
B-—>x K°| 237+0.8 238571 B® 5 nK°® | 1.23+0.27 LR
B> ntK- | 196+0.5 W4t B yK° | 66+04 6.657 65
BO s 700 9.9+05 10.17132% B, = qn° < 10° 5116030
B, & wto 0.7+0.1 X e By = n'm® | Not available 1113+
B, — 770 < 210 ) B 5 my <1 0.30131%
B, K*K- | 266+22 20.63+6:80 B,—»mm | <15x10° 2.5813%7°
B, - K°KO 20+ 6 24.647+1854 B® — 'y =17 1144357
B, — mK°® | Not available 2l Ry B, — n'yf 337 3300
B® = ' <12 03] e
B, = n'n Not available U.Glfgf}ﬂ

Experimental results from PDG Live




Fit-Results: CP Asymmetries

CP asymmetries
in percent

CP asymmetries
in percent

S Experimental Theoretical et Experimental Theoretical
B~ - %1~ 3+4 B gy B~ >ar —14+7 & e e
B3 KUK~ 4+14 B30 g B >« 6+ 16 B g
B® — ntq- 32+4 35.017219 B, = nK° <0.1 01071
B® - 797" 33 + 22 —10.5812% B, — ’K" | Not available —0.58+3%:37
B® - K°K° | —60+70 —6.88185-39 B~ — K —37+8 —42.0g¥1223
B, —» 7 Kt | 221+15 20841258 B~ - K 0.4+1.1 0.6313%
B3 7'K- 3.7+2.1 A B - nK° | Not available 1 o
B 5>a K°| —-17+1.6 T8 2 B® - yK° —6+4 00352,
B 5 xtK- | —83+04 B agtas BY — nn° | Not available | —27.39112%11
B0 — 70K0 0+13 —0.9713%° B° — /7% | Not available AR G
B, —» KtK~| -14+11 —10.58110.58 B, — n7" | Not available 0.88798%
B, — ntn~ | Not available 17.561 154 B, — n'7® | Not available 15711188
B, — 7'7% | Not available 17.56 550 B — nnp | Not available 348" 0.
B, — K°K° | Not available 1) Il By, — 1 Not available 1490 05
B - K*K~ | Not available 78451 5 2 B — 'y’ | Not available 5N Ry
B, —» 7°K° | Not available BT Bs — n'n" | Not available —2.051 153
B — 1'n | Not available ~19.801
B, — 1'n | Not available 3.431005%,

Experimental results from PDG Live
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QCF Factorization decomposition

Beneke et al: 9905312 Beneke et al: 0308039

T Naive Factorization

BO | OK <KT£|Q|B>NFB—>Kfn




QCF Factorization decomposition

topological and SU(3) invariant

first principle technique

Beneke et al: 9905312 Beneke et al: 0308039

Naive Factorization

~F
(KmiQ1B) f\geﬁfn




QCF Factorization decomposition

topological and SU(3) invariant

first principle technique

Beneke et al: 9905312 Beneke et al: 0308039

Naive Factorization

s
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| N




QCF Factorization decomposition

Naive factorization special case of
—
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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;
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QCF Factorization decomposition
AQCDF _ \/_ Z Ay Mo {BIUl (alépuU e BT ai)EWQ) My A,

p=u.c

+ BMiA, - Tt [(agéput}" + I+ oy Q) Mg}

+ B (Ba0pu + BT + 35 gy Q ) MMz,

+ BA, - Tt | Bidpul + BT + 0 gy @) Mle]

+ B (Bsadpul + Bal + B, Q | MiA, - TeM,

+ BA, - Tr [([3515m(3' + B0 + b’§4‘EWQ) Ml] - Tng}

M
Weak annihilation
B g ﬁ contributions
M, are non-factorizable




QCF Factorization decomposition

M,

: - P

M

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 LEARN ABOUT THE
ANNIHILATION CONTRIBUTIONS FROM
DATA?

CAN WE PROFIT FROM THE SU(3)
INVARIANT FITS?

TO ACHIEVE THIS FIRST ESTABLISH A
DICTIONARY BETWEEN SU(3) AND THE
QCDF DECOMPOSITION OF THE
PHYSICAL AMPLITUDES



QCF Factorization-Topological Equivalence

Equivalence between the QCF and the topological amplitudes
3
2
Usethe \? and )¢ factors A= —A,—A,

A & I
Decompose the matrix Qintermsof Uand/ @ = -U — 5I



QCF Factorization-Topological Equivalence

Equivalence between the QCF and the topological amplitudes

. B. A
Decompose the matrix Qinterms of Uand | @ = §U — §I
Usethe A2 and M9 factors A;=—A,— A,

2 e B S ho WP TR
Co = |[T+5P - SP|U@ A+ [Pr— P - o{ Pt - F5}|T oA,

~

. . Py
—§P§U®At—[Pf—72]I®At:



QCF Factorization-Topological Equivalence

Equivalence between the QCF and the topological amplitudes

o B s
Decompose the matrix Qinterms of Uand | @ = §U — 5I

Usethe ¢ and A% factors Ar=—A,—A.

2 e B S ho WP TR
Co = |[T+5P - SP|U@ A+ [Pr— P - o{ Pt - F5}|T oA,

g . PF1a
—5PU® A — [ - %]I@At:
A \ij T 3 DU 3 el rri ' U Bl 1 DU De i '
(Cr)i = [T iy E-PQ 5 2] p(Au) + [Pl — ] — §{P2 - Pz‘}}(sk(/\u):’
3 HCT Tl HC pc 1
—SBUR(AY — | P — 2| oi(Ay



QCF Factorization-Topological Equivalence

Equivalence between the QCF and the topological amplitudes

o B s
Decompose the matrix Qinterms of Uand | @ = —U — —I

Usethe \? and A7 factors Ar=—A,— Ac
= r 3 DU 3 c U pe 1 pu __ pc r
G, = [T+2P —§P]U®A +[P1 P 2{P2 PQHI@@AH

—%PﬁU@At - [1 - %]f@/\t,
(€ = [T+ 3Py — 2 B[O + [ B — By — o { By — B} ] i)

3 HCT Tl c PC
—SPSUR(AY — | Pf — 2| 6E(AY

The connection between the topological decomposition and the
QCD-factorization is established through

U!i(Au)j = E.!ijv Uk(At)J = zjv (At)i — EF'




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?®



Further details on the y*-fit

Best QCDF fit point (modulus in GeV?®)

Ao = 1.072 + 5.596 x 107°4, Az = 0.136 + 0.0734,
A1 = —0.117 — 0.0074, A, My B2 = Ay v, P,

Arin,B8s1 = —0.074 — 0.01123, A, Bs2 = 0.054 — 0.049¢,
Arm0s gw = —0.193 — 0.0454, Aﬂ,flﬂ,{zafiEW = (0.181 + 0.053¢,

A My P3,ew = 0.005 — 0.0067, Ay Myba,Ew = Anyim, B3, Ew
Angs 1ta B = —0.188 4 0.007, At 1abse sw = 0.061 + 0.0983,
AntianBa = —0.003 +0.013i, AntnssBsa = 0.031 — 0.0305,

y _— (a3 i 553) — 0.230 + 0.067, i 55 (a4 i [33) — —0.242 — 0.062i

Obtained by mapping the SU(3)-fit results into the QCDF
amplitudes.



QCF Factorization confidence regions
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T T T T T T T T T T T T T T T
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i 3
Re(’quMzbﬂ.EW) in Gev? Re(AM1Mzﬁ4) in GeV



Summary and Outlook

* We have established a set of transformation rules between the QCD
factorization and the topological representation of physical amplitudes.

e 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%.

e SU(3) symmetry asummed so far.

 Introduce SU(3) breaking by fitting to data the weak annihilation
amplitudes combining NLO and NNLO results for independent
channels



Further details on the y*-fit

Constraints from QCDF

Taking into account  ay(77) = 1.00070020 + (0.01115:923);
Beneke Huber et al: 0911.3655
We impose R(ei) = 1.0007 55
In addition we require
ITpa =loa=lg =1 |Tp| < 10%

Phenomenological constraints
Br(B; = n'1°) < 210 x 107,  Br(B, = nn°) < 107°,
Br(B° - m) <107°  Br(B’—=7n'n) <1.7x107°,
Br(B° = 1'n) <1.2x107%  Acp(B, = nK®) < 1072,

PDG Live



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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