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Why non-leptonic B-hadron decays

O direct access to the CKM parameters, O further insight into the strong-interaction
especially to the three angles of UT effects involved in these weak decays
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=) non-leptonic B-hadron decays always play a key role in precisely testing SM!




Why non-leptonic B-hadron decays

O SM incomplete and BSM needed: possible new sources of flavor & CP violations?
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=) non-leptonic B-hadron decays always play a key role in probing BSM!




B physics experiments
O B-factories (e*e™): Belle & BaBar O Hadron cIIid
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O Super B-factories (e*e™): Belle-II @ KEK

CsI(T) EM calorimeter: I, 74m RPC u & K, counter:
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H .¢s for non-leptonic B-hadron decays

O For non-leptonic B-hadron decays: typical multi-scale problem

ph/0006265

multi-scale problem with highly hierarchical scales!

EW interaction scale > ext. mom’ain B rest frame > QCD-bound state effects
b I 5 c
mp ~ 5 GeV > AQCD ~ 1 GeV %)
" AQ_ N F
d

my ~ 80 GeV
mz~91GeV

mm) OPE, RG-improved PT, & EFT formalism more suitable! r——

O Starting point .« = —L.¢: obtained after integrating out heavy _<ﬁ tree o

d.o.f. (mW,Z,t > Myp) [Buras, Buchalla, Lautenbacher '96; Chetyrkin, Misiak, Munz ‘98]
g@&;\;<_1 T
u = u.c

»Ceff — _G—\/Ii Z Vpr;D (CIOI + C202 + Z CiOi,pen)

p=u,c I=pen

O Wilson coefficients C;: all physics above m,; perturbatively calculable & NNLL program

noOw complete! [Gorbahn, Haisch '04; Misiak, Steinhauser '04]




Hadronic matrix elements

O For a two-body non-leptonic decay B - M, M,:

A(B - M{M,) = Z[ACKMXCiX(Mlelai”_;)]

i

mm) physics below m,; process—dependent; FSI introduces strong phases, and hence direct CPV!

O Different methods proposed for (M, M,|0;|B): naive fact., generalized fact,, ......

- Dynamical approaches based on factorization theorems: PQCD, QCDE, SCET, - - - - Symmetries of QCD: Isospin, U-Spin, V-Spin, and flavour SU(3) symmetries, - - -
[Keum, Li, Sanda, Lii, Yang *00; [ Zeppenfeld, *81;
Beneke, Buchalla, Neubert, Sachrajda, ’00;
Bauer, Flemming, Pirjol, Stewart, ’01; Beneke, Chapovsky, Diehl, Feldmann, ’02]

London, Gronau, Rosner, He, Chiang, Cheng et al.]

A ;
Q€D ~orrections
mp

O QCDF/SCET: systematic framework from QCD, valid to all orders in a,, limited by

" _ — Bq—>Dg*)
(DSITL™| Qi |Bg) =) | (MZ)
J

x/oldu T, (u) L(U)+O<AQ£)




Hadronic matrix elements

O QCDF formula for two-body charmless B decays: [BBNS '99-'03]

form-factor term - spectator-scattering term

- ] =1+ O(Ols) o o< Olf-aCt'(ﬂ

i : Ofact T”(].L) x B

N EANEEY vaa v
. + O(1/my)

m) (M, M,|Q;|B) factorized into (M|j,|B) (transition form factors), (M|;,|0), (0]j,|B) (decay constants & LCDASs)

(M1M;|0;|B)

O Status @ NNLO: [Beneke, Huber and Xin-Qiang Li '10; Bell, Beneke, Huber and Xin-Qiang Li '15, '20; Huber, Susanne and Xin-Qiang Li '16]
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colour-allowed tree a1 colour-suppressed tree as QCD penguins aq4




Final results for a ,

O Numerical results including the NNLO corrections:

ay (77r)
d
//% “

b

colour-allowed tree o

ap ()

u
u
b /L d

colour-suppressed tree ap

aj(rK)/1072

d

u
b ‘/_,KL u

QCD penguins a4
a5 (rK)/1072

1.009 + [0.023 + 0.010]y; o + [0.026 + 0.028 i]\n; 0

I's .
_ [0.42 5} {[o.o14]wsp +[0.034 + 0.027i ]y o + [0.008]tw3}

10001_8823 + (()01 11_8823)1 Beneke, Jager '05
’ ’ Kivel '06, Pilipp '07

0.220 — [0.179 + 0.077 i]y; o — [0.031 + 0.050 i] 1 0

+ [ 0.2515] {[0.114]LOSp +[0.049 + 0.051i ]y 0, + [0.067]%}

0.2407037 + (—0.07710 o52)i

—2.87 — [0.09 + 0.09i]y, + [0.49 — 1.32i]p, — [0.32 + 0.711]p,, q, » + [0-33 + 0.381]p,, 0s_¢ s

+ [ L ] {[0.13]Lo +[0.14 + 0.12/]av — [0.01 — 0.05/]up + [0.07]tw3}

0.434
QT [D ! Qs P T Qs |P !

(—2.127%%) + (—1.567932)i, e

y 7 R ONE) a
4 :

—2.87 — [0.09 + 0.09i]y, + [0.05 — 0.62i]p, — [0.77 + 0.50is,,q, , + [0.33 + 0.381p,. 0y _c s

+ [o 2;4] {[0.13]Lo +[0.14 + 0.12i]uy + [0.01 + 0.03up + [0.07]tw3}

(—3.00%%%) + (—0.673%)i.

O Scale-dependence much reduced
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nrrr and wK puzzles

O Long-standing puzzles in Br(B° - %) and 4A4.p(nK) = A¢cp(m°K™) — Acp(mTK7): HrLAY 24)

Br(B® - n’n®) = (0.3 - 0.9)x107° AAcp(mK) = (11.0 £ 1.2)% differs from 0 by ~9.2¢
B(B® = n’n°)  (1.55+ 0.17)x107° Aop(B" — K ') Ace(B® = K)
: - e s (270£120)x107% | T2 (-8.314£0.31)x100%
O Decay amplitudes in QCDF: Z M
B
—A§0_>7T07T0 = Anx [5th (o2 — 1) — &f — 2,3411)] M
A ®C = Uy
\/EAB_—NTOK_ = Anl?[‘spu o1+ “f] + AR, [‘3pu042 + ‘SPC%O‘g,EW]’
Azo _=A_=[8,, 01 +&7], MW :
B'—>ngtK JTK[ pu 4] A : M 7 O M O N
B | g g. .
some mechanism or sub-leading power corrections M, % My
or even NP to enhance C = a; or Py = b oy, ? © P, Py @S P = Ay py
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Other interesting puzzles

O Ratios among B(S) — KK decays: [Grossman, Neubert, Nir, Shpilman, Viernik 2407.13506]
I'(B, -+ K°K")

ss . - 0 0 70
R, = MBS KK 0.66 + 0.13, related by iso-spin (u < d) e
S
2 070
i _ |Vl (B, —» K'K") :
Ry = v I‘(Bg KR = 0.61 = 0.13, related by U-spin (d & s) B, Bq
ts —
- - 0 7-0
O Decay amplitudes in QCDF: K5 K
= 00y _ GF 14 p 1 1 1 0, [degrees]
A(Bs — K°K°) = NG M| o — 50‘2EW Agg + |5+ — §b§,EW — ?}ZEW Bgk 120 130 140 150 160
0.40 - : - - - , P
re’s=—
+ (bi - %%,EW) BKK’} ) 0.351 2 Vi
dir 0 K+K—
AB KORO) _ Gr \s o7 1 » A . 1b17 1bp B 0.30 4 ?’Gw A(:?(Bs — KtK™)
(Bs = ) = E P 47 5¥EwW | AKK + {03 +05 — 5 BEW T 5U4EW | PKK . 4 ABE(BY - KTK™)
1 - AAL(BY — KTK™)
+ (bi - gbi’,Ew) BKK} ) = e : A(B® — w7
>, — G 1 1 0.151 ABF(BY — mt77)
A(B; = KTK™) = TI; Ap [(5pu0‘1 +of + of pw) Ak + <b§ +0 - §b§EW - §bZ,EW) B —_ — SU@) fi
+ (pubs + 05+ V) py) Bm} ; 0.05 1
Marcos , Reboud,

2.0 2.2 2.4 2.6 2.8
m) differ only in tree, EWP, & annihilation 0, [rad] vos, 2504.05209
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Pure annihilation B decays

O Two typical pure annihilation decay modes: 3% - 7~ vs BY » K*K~ related by U-spin

. 1
A(BS —> T T ) = B;ﬂz' |:5pub1 gl be gl Ebf,EW:l % % b>/< %
Al 3 Al

4 &, 1
AB; > K'K™)=A4g, [5puﬂ1 + 7 +bf,EW:|+BKI? [bf —Ebf,EW}
= A | 8,8+ B |+ B | B ]

O QCDF vs data for branching ratios: large SU(3)-flavor symmetry breaking?

'1,2,3

Mode Theory S1 (large y) S2 (largea,) S3(p,=-45°) S4(p,=-55°) Exp.
B i 020 2t 0.027 0.032 0.149 0.155 0.72+0.11
B "R K& W0.0TB " 2 et 0 0.007 0.014 0.079 0.070 0.080+0.015
O State-of-the-art SU(3); fit: [D. London et al.,, 2311.18011; 2505.11492; 2510.13969]
AS =0 fit:
v for AS = 0 decays: excellent fit; for AS = 1 decays: good fit L €l [ 1Pucl | 1Al | [Pl |
140+05|6.6+£07[3+£4|6+5[08+04 |
v' for combined AS = 0 & AS = 1 decays: very poor fit AS 1 i

7’| 1€ | [Pl Al |Prc|
48+ 14 | 41+14 | 48+ 15 |81+ 28 | 0.78+0.16

v' 1000% SU(3)g-breaking effect required (fx/f; — 1 ~ 20%)
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Decay amplitudes of B —» PP based on SU(3)¢

O Decay amplitudes in TDA: [Zeppenfeld '81; He and Wang '18; Jia, Wang and Yu 21]

+ E B H (My)3(Ma)] + Tis B; HY (My)(Ms)f; + Tas By H'(My)} (M)}
T B (M), (M) + T B HE (L) + T B(M; (M), A Oi—o O>@m<% O>Q
<0

+ Tss B HY'(My ) (Ma)f + (M <> M) oo

c/lTDA - lGTZF [TTDA o :PTDA]

T™PA =T B;(M,): Hi(Mo)f + C By(My)} Hy,(Ms); + A B; HY(M,),(Ma)!

PPA = P B;(My)}(Ms);, Hk+PTB(M1) H)'(M,)F + S B;(My)} H(M,)F

+ e Bi(M); HY (M)} + Pra Bi H (M)} (My)} + Pa B H' (M)}, (M»)y M M

+ Pre By HY'(My)F(Ms)! + Pas By H' (My)}(Ma)f + Pss By H (M)} (Ms)*

+ Prs Bi HY (M);(Mo)j; + (M My). AT a5 (B )i(H(15))5 (Pa)L(P3)} + bis (B )i(H(15)) (o) (Po)t + exs (B ) (H(15)) (o (P
] k , + ao(B ) (HE) (PP + bo(B )i (HE)E ()i (P3)) + co(B)i(H ()1 (P (Bo)}
O Also equivalent with IRA: [He and Wang '18] + as(B)i(HE)) (P)E(Ps )]+ ba(Bo)i(H ) (P (Ba)) + es(Bo)i () (Pa)b(P)]
_ : _ +dy(By)i(H(3)) (Pa)i (Bo)l + ah(Bo)i(H(3)) (B (Bl + By (B )i (H () (PP
O Key point: no any theoretical assumptions on b B HE) PP, + BB ) HE) P (Po)] + +a4(B)i(HE) (o) (o)L

(P (H(
+ b5(B,)i(H(3")) (Pa)§(Pp)] + c§(By)i(H (3"))* (Pa)i(Pp)] + d5(B)i(H(3")*(Pa);(P).
+a'(B,)i(H(3"))' (Pa)§ (Pp), + b5 (B )i(H(3")) (Pa)§(Ps)] + €5 (B )i(H(3"))* (Pa)i(Ps)]

side, but need enough data to fit them! + & (By)i(HE")H(Po) (Pa)l + @ 6.

RMEs = completely rigorous on group-theoretical
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Decay amplitudes of B —» PP based on SU(3)¢

O Decay amplitudes in QCDF: [BBNS '03; Huber and Tetlalmatzi '21]

G A N R 3 3 3 3
ARPE :iTS Z Anrin {BMl (Ql‘spuUp + oI + aZ,EWQ) MA,, T =Amm, |01+ §O‘Z,EW - iaZ,EW] ) C = Amm, [042 + §a§,EW - QO‘ZC&,EW]
p=u,c L
BMA, - Tr [ (096,00, + 2] + o s O) M. _ (5 35 34 _ S
+ 143p r (6%] pu~p + a3 + O[37EWQ 2 E - 14M1M2 /3]_ + §ﬂ4,EW - §ﬂ4,EW ) A - 14M11\42 ﬂ2 + §ﬂ3,EW — iﬂ:}yEw ;
+ B (Badyuly + BT + B, Q) MM, S 5
Tas = Amm, |Bs1 + éﬁgu:w - 5/32‘4,ij| )
+ BA, - Tr [(ﬁlapusz + BT+ [)’ZEWQ) MlMQ} -
[ 3 3
' . . Tps = A g 2ge
+ B (ﬂSQapuUp + ngl + /ng,EWQ) MlAp . TI' ]\42 ES My M, _/3.52 + 2ﬂS3,EW 2553,EW:| ) Tree Sector
e L T RCTR S R o .
[ Sepw  BSew ]
S = AMlNIQ (lg + 52‘3 — : — - :| s r ﬁu ﬁc
L 2 2 Tss = Aoty | B4 — Bu — < 542,EW _ S42,EW):| 7

P = Ay | o+ 5 — W _ 55;%] . Penguin sector

Ts = Amm, |05 — 0 — (aé‘;w - a?,,;w) + (B%3 — Bgs) — <ﬁg32EW - IB§32EW) ] ;
Pa= Ay, |Bf — 52,2}3w] ; Pss = Ay, [/354 — 5@42,13\;\/] ;
. X Tp = Awar, |0f = af = (O‘“’;W - “4§W) + (8% — %) — (53§W - 53’2”)],
FPo = §AMlM204§,EWa Pr = EAJ\hM2aiEW7 2
Pra = 2 4us0,85 Pre = 2408 > All 17 (AS = 0)+17 (AS = 1) two-body charmless B —
3 3 PP decays described by 20 TDA or QCDF parameters
Pys = §AM1M2/3§47EW7 Pggs = EAMlMgﬁg'S,EWa #




Dynamical information from QCDF

O Direct calculation in QCDF @ NLO and NNLO: [BBNS '03; Bell, Beneke, Huber, Xin-Qiang Li '00; '20]

Gr
AB = MyMp) = i~ (A (@l +BY) + Ao (@ +B)] o
al(M1M2) = a1(M1M2), ¢
ay(M,M,) = a,(M,M,), Cix1 Cra [V M) + A M ] T+ PP(M
@ (M,M.) = a2 (M, M,) - a? (M, M) N, an | M) F 5 H(MiMG) |+ F(M:)
af (M,M,) = a§ (M,M,) +r*af (M,M,) i i
af gw(M,M;) = af (M, M,) — a} (M, M)
af ow(M,M,) = ab (M, M,) + r?zag(Mle) @ éé\/ w % \/%

T G u » 4 C = i
h a3 = a3 = a3, A3 pw = A3 pw = A3 Ew)

BY =pBE =B, b =bE=b; A@JQWLJWL

p
1,2
|aiEW “4EW|<0(10 ), Q >

(S Gl N S 0L p % % % M

|-> reduce the independent TDA amplitudes from 20 to 17 or 16:
TpA = O, TSS = O, TS = O, |Tp|/A]\/[1]\,{2 < 002,
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Factorizable SU(3) breaking effects

O Independent TDA amplitudes: 17 or 16 T = A, T, C = Ay, C, E = Buy, E,
T = Ay, 01, C = Ay, 0o, E = By, b1, A = By, A, Tas = By, Tas, Trs = By, Tgs.
A = B, ba, Tas = By, bs, Tgs = By, bsa, S = Ay, S, P = Ay, P, P4 = B, Pa,
Tpa=0, Iss =0, Is =0, | Tp|/Anins, < 0.02, Pss = B, Pss, Pc = A, Pe, Pr = A, Pr,

Pra = By, Pra, Prg = By, Pre, Puas = By, Pas,

O SU(3)-breaking effects from transition form

Prs = By, Pes.

factors, decay constants & phase space:

F’OB_”\/[1 (m?\/fg)fMQ )

AMlMQ = (m% - m?wl)

Buanas, = fa,fan fass » - all sub-amplitudes symmetric, and the dominant

SU(3)-breakings from Ay p, & By, um, included

B() — P transition form factors [107]

F()B_”T(q2 = 0) 0.192 + 0.022 FOB—>K(q2 _ 0) 0.326 + 0.010
B=mw(,2 ~ 2 3
B—om(,2 2
FP7™(¢? ~ 0.300GeV?) 0.193 + 0.022 FB-K(g? ~ 0.300GeV?) 0.398 4 0.010 effects predicted between B —
BT (2 A~ 2
Fo ™ (q” ~ 0.917GeV') 0.197£0.021 FB~K(g? ~ 0.917GeV?) 0.333 £ 0.010 . .
FBK (g2 = 0) 0.203 £ 0.014 = T m & B = K FFs in large recoil
FPK (g2 ~ 0.019GeV?) 0.203 4+ 0.014 ccay constants | fe 111.3]
. . . - o :
FBK (g2 ~ 0.244GeV?) 0.205 4 0.014 fp=190.0+13 7 = 1:209%0.005 region
FPK(g? ~ 0.300GeV?) 0.206 + 0.014 fr=1302+12 fx=1.1:03
FPK (g2 = 0.917GeV?) 0.210 4 0.014 [B.-Y. Cui, Y.-K. Huang, Y.--L. Shen, C. Wang, and Y.-M. Wang, arXiv:2212.11624]
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Global fit to data

O Enough exp. data to extract the TDA & QCDF amplitudes:

23 branching ratios + 16 direct CP + 6 mixing-induced CP

O Two indep. fitting methodologies: Frequentist (CKMfitter) + Bayesian inference (Stan) framework

Amplitude Value Py (—0.245%5002) + (—0.133%5:003) @
T (1.07370:024) 1 (0.04470917) 4 Pc (0.179*0:003) + (0.15470:004) d
: 0o 007 P | (oTaTR) + (o028t
+0. +0. .
C (0.334Z5,047) 4 (—0.689Zg047) @ P (0.08110:0095) + (0.1861 0005 i
A (4.78255735) + (8.52417755) @ Prp (85.05873022) + (28,5470 30)
E (=7.655T5000) + (12.78215218,) Py (—18.150*5:310) + (—10.960*0374) i
T (—80 703+9_453) n (8 656+28'430) ; PAS (_24-5555;:3?)2) + (—41. O77+22 ?gg) i
e ST s P 77.683+40%3) | (54.308+12%
~ 4+92.947 4+ 49.991 - ES ( . —4.331) ( . —1.736)
T'as (—8.747 5 053) + (20.8097 157509 @ Pyt 19.785 + 18.715 i
T +7.411 -5 +0.012y = :
Tp (—7421%5:579) x 107° + (=0.020%5055) @ S (—0.199%5506) + (—0.112X550) 4

> central values resemble many dynamical features obtained in QCDF/SCET framework

16T ) AL OWD T 002 Sl O SiHE it 0:24 080 1 T3 (ROR 7 Soigs o

> no strong indications of numerically enhancements for annihilations beyond A, ¢p/m, scaling
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m(Tgs)

Two-dimensional confidence regions

O 68% confidence regions of TDA amplitudes:
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—617  -495 373 -250 -128 05 715 740 764 7838 812 8.6
Re(Pys) Re(Pgs)
245 ~0.1036(
18.9 =0.1072-
132 ~0.1107
X ~0.1143]
2.0} =0.1179)
-39 ~0.12140~
| | | | | | | | | | |
7.9 136 192 248 305 36.1 02079 —02043 02008 —0.1972 —0.1936 —0.1901
Re(Pss) Re(S

> Factorizable SU(3) breaking
describes data perfectly, with a
p-value of 0.072

> Electroweak penguin topologies
larger than generally expected
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Phenomenological implications

O B - ntr, tK and KK puzzles: WA ol T B VA ol Y = A A K )

p0 il r
i Br(B” > n"K™) tp- _ 0.89 + 0.03 vs 0.90+0:24 = (11.0+1.2)% vs (11.1+2.9)%
Br(B~ » n~K°%) tpgo P |

2Br(B~ -» n°K™)

O Badly Broken of EWP to tree ratios:

RN= - —o~ = 110+ 0.04 vs 1.11735¢
BF(B_ g ) [Gronau and Rosner, hep-ph/9809384]
1 Br(B® - m*K™) _ +0.31
Rn = 2 Br(BY - n°K0) 097 % 0.04 vs 0.98 555 ot gt W, 3Cy+ Cig orders of
i _a VG sl it N i B b .
RN — ZBI'(_B et ik ) \ B0 —1.83+0.11vs 1.8619-76 E (1 + Cz magn|tUde
. . BRCBSES 7. SR Tn e o '8 B l H
2Br(B° - n°n0) P Bt Sad vl o R
LR . . 0.24 Ell it LU il AR bl " :
EWP-tree
O Sum rule for B —» K decays: [Gronau, hep-ph/0508047] s
ratios

2Br(Be Swr K7 d W 2BBY S o
(— ) 75 + Acp(B° » n°KY) (_ _)
Br(B? » n*tK~) 15- Br(B® -» ntK™)
Br(B~ » 1 K°) 150
Br(B® -» ntK~) 13-

Asg = Acp(B~ = K ™)

I @Y ey Y- YT ) = 0.03 £ 0.14 vs — 0.09 + 0.03
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Phenomenological implications

O small tensions in B - K, KK, n'K direct &

mixing-induced CPV, but not exceed 1.50

Mixing-Induced CP Asymmetries I

Direct CP Asymmetries I

Channel Fit result [107?] Experiment [1072] Pull [o]
B~ — 107~ —2.4414773588 —1.20+3.10 0.357
B~ — K°K~ 9.90421301979 4.00 £ 14.0 0.233
B - nt7- 35.910713 5050 31.4+3.0 0.814
B — n%x° 33.435917-1004 23.0 +18.0 0.538
B’ » KtK~ —30.935355-4875 - -
B° - K°K?° —4.3341F37569 —60.0 £ 70.0 0.794
B, — m°K° 42.0670139989 —~ —~
B, >t K* 21.521372:05% 224412 0.369
B~ — 'K~ 2.7391 128292 2.70 £ 1.20 0.013
B~ 5 1 K° —0.3975+98215 —2.30 = 1.40 1.171)
B’ - ntK~ —8.35351 0 Togs —8.3140.31 0.053
B° - 1OK? —20.48397 16261 —1.00 + 13.0 1.487 |
B, = wtn™ 2.58321 1510 - -
B, — n7° 2.58321151%% - -
B, —» K*K~ —11.7899+20334 ~16.2+35 1.048 |
B, —» K°K?° 0.451170:356 - -

Channel Fit result [1072] Experiment [107%] Pull [0]
BY — ntn —65.4123752767 —66.6 +2.9 0.363
B® — n07° 48.361817590% - -
B KtK~ 70.70861 25497 - -
B® — K°K© —13.1626111-592 —80.0 & 50.0 1.336
B, — m°K° 36.0626 53772 - -
B, —»n Kt —97.584579-4910 - -
B —» 7t K~ —56.4665" 1 1900 - -
B° — 1°K° 775335725528 64.0 + 13.0 1.039
B, — wtm~ —6.520215:1962 - -
B, — 1070 —6.5202 121912 - -
B, - KK~ 16.08027 7 ¢%o0 14.0+3.0 0.729
B, » K°K?° 0.1429191752 - -
B, — 'K?° 31.932178:3757 - -
| B - /K° 70.1850+11782 64.0 £ 5.0 1.239 |
B, - n/'n® —2.07531 159089 - -

> More data on B - K, KK,n'K welcome

O Our predictions for some unmeasured

observables can be tested by future data

Mixing-Induced CP Asymmetries III

Channel Fit result [1072] Experiment [1072] Pull [0]
B® — —67.4530151 004 - -
By, —mn —14.6707%, 5555 - -
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Summary

O Hadronic B decays important for testing precisely the SM and probing NP beyond it

O Within QCDF/SCET, NNLO QCD corrections to color-allowed, color-suppressed tree &

leading-power penguin amplitudes complete, factorization established up to 2-loop

O Due to delicate cancellation, NNLO corrections found small; some puzzles still remain:

> long-standing Br(B° - n°%%) and AA.p(nK) = Acp(B~ - n°K™) — Ap(B® » nTK ™)

» sub-leading power corrections in QCDF/SCET need be considered, and progress already achieved
O Enough data allow to perform global fit based on flavor SU(3) symmetry

» dominant SU(3)-breaking effects from transition form factors, decay constants, and phase space

> information from QCDF dynamics helps to reduce TDA parameters from 20 to 17 or 16

> very good fit to all data achieved and resemble many dynamical features obtained in QCDF

» many dynamical features in QCDF/SCET reproduced, but large EWP amplitudes needed

Thank You for your attention!



