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BTN B' — n07° MH XS TIERLIMES (rr puzzle)

Experimental datal!!

mode PDG Belle BaBar Belle Il

109 x B(B~ = 7~ =0) 5.3140.26 5.8640.46 5.0240.54 5.1040.40
108 x B(B® = n%x9) 1.5540.17 1.3140.27 1.8340.25 1.3840.35
108 x BB’ > nt7r™) 5.4340.26 5.04+0.28 5.5 40.5 5.8340.28
Acp(B~ =7~ =w0) —0.01 £0.04 0.02540.044 0.03 £0.08 —0.08140.055
Cop(B® = n070) —0.25 +0.20 —0.14 £0.37  —0.43 £0.26 0.14 £0.47
Cop(B® 5 ntn™) —0.3144£0.030  —0.33 £0.07  —0.25 £0.08

Scp(B° 5 ntr™) —0.67 £0.03 —0.64 £0.09  —0.68 £0.10

Theoretical results

mode QCDF PQCD
+NLOPT NNLOTT +NLO™] +NLOD] +NLOGI]
106 x B(B~ — n~x0) 5.1 5.82£1.42 | 4.2771°50  3.35£1.10  4.45+1.43
10% x B(B® — 70x0) 0.7 0.63£0.65 | 0.237519  0.20%0.11  0.61£0.21
100 x B(B® —»ntzx—) 5.2 5.70£1.35 | 7.6775¢7  6.19£2.12  5.39+1.88

[1] Phys. Rev. D 110, 030001 (2024). [2] Nucl. Phys. B 675, 333 (2003). [3] M. Beneke, T. Huber, X. Li, Nucl. Phys. B 832, 109 (2010).

[4] Y. Zhang, X. Liu, Y. Fan, S. Cheng, Z. Xiao, Phys. Rev. D 90, 014029 (2014). [5] X. Liu, H. Li, Z. Xiao, Phys. Rev. D 91, 114019 (2015).
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B — mm BRIBZRIAR Ay

= Apn{ Vi Vigar — Vip Viglas + aro + (as + as) R]}

3
Ao Vb Via(a1 + a2) — Vi V:di(_w + asR+ a9 + a10)}

Ax
_\[{

1 3 1
Aoo = —Arr{ Vit Vigaz + Vip Viglaa — g0+ 5((17 ~ a0) + (a6 §a8)R]}
m2
B, Anr = i (b — m2)FE ™ fr, R= s

NLO Z¥H o, — C,N© + %/CjNLo + 2—;%@"0 Vi Hi RFEES, j=i+1 0 REBE, j=i-1,

NLO 1 ~NLO C LO
ar = C) N0 T+ RGN

NLO |, 1 ~vNLO Cr (1 LO
az = Cy ""Ncl _1_217;#01 £
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1 _ _ _
—(@1,aT1¢2,0)(33,8T204,6) + 2(@1T1 T"q2)(q3T'2 T" q4)

(@1.aT1¢2,6)(@3,8T2q4,0) = N(

Cy(x°7°|0:|B)
=1 (r°7°| (G ba) v—a(daus) v—a| B
=Gy (1°7°| (Tatig) v a(dsba) v—a| B)
— Cl
= N <
1201 (770 | (BT w) v— 4 (AT"b) v— 4| B”)

7| (o ta) v—a(dsbg) v—a | B)

3 1,2
$% PQCD M 7
[1] S. Lii and M. Z. Yang, Phys. Rev. D 107, 013004 (2023). [2] R. X. Wang and M. Z. Yang, Phys. Rev. D 108, 013003 (2023).
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the fit results

H=my/2 = my H=2my
PDG
X2 /naof 120.5/4 170.1/4 205.2/4
1X] 0.31+0.02 0.40 £ 0.02 0.42 +0.02
5 (—61.5+5.5)° (75.6 + 4.3)° (83.5 +4.0)°
FE™ 0.218 £ 0.004 0.218 + 0.005 0.220 + 0.005
P17 —0.58 —0.51 —0.47
Belle
X2 /ndof 22.4/4 28.2/4 31.0/4
1X] 0.28 +£0.03 0.36 + 0.04 0.37 £ 0.04
) (—42.7 £13.0)° (59.3 £10.3)° (67.14+9.4)°
FBm 0.220 + 0.006 0.217 4+ 0.006 0.216 + 0.005
Px1, ko —0.50 —0.47 —0.38
BaBar
X2 /naof 10.8/4 15.9/4 21.6/4
| x] 0.33+0.03 0.36 +0.03 0.37 +0.04
5 (—70.6 +9.0)° (=79.7+8.8)°  (—87.4+8.5)°
I 0.216 + 0.009 0.217 + 0.009 0.221 + 0.009
Px1. o —0.63 —0.60 —0.54

[1] JLQCD Collaboration, Phys. Rev. D106, 054502 (2022).

[2] B. Cui, Y. Huang, Y. Shen, C. Wang, Y. Wang, JHEP 03, 140 (2023).

[arXiv:2502.12461]

BEREAT 1 L

£ ou=my/2 BT x2 &/
PDG Mg/ x2 EX
|X| ~0.3/0.4

FB™ ~ 0.22/0.23

PIX|, 7o <0

BRITEER FJm=0.183(92)"
FHERAMNWER FF™=0.19(5)
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=
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z

N (continue.)

Our result: |X] ~ 0.3/0.4
PQCD: | X| ~ 0.25, F5™=0.27["]

-40
-50
2
g
g
g -60
w
-70
-80
0.20 0.25 0.30 0.35 0.40
IXI

FIG. 1: The distribution of the fit parameter X obtained from the PDG data with different form

factor FOB7r at the scale p = my/2, where the dots correspond to the optimal values of X, and the

ellipses correspond to the errors of X.

[1] S. Lii and M. Z. Yang, Phys. Rev. D 107, 013004 (2023).
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Branching ratios

= my/2 pw=my w=2my data
PDG

108 x B(r—x%) 5357035  5.2070°30

3]

207037 5.31£0.26

6 0_0 +0.29 +0.28 +0.28
106 xB(«er ) 1462;8'23 1A64;8_§g 1.70;8%? 1.55+£0.17
106 x B(rtn—) 5357097 5381050 5427080 5.43+0.26

Belle
108 x B(r—=%)  5.887595  5.89700%

<]

821007 5.86£0.46

6 0_0 +0.43 +0.43 +0.41
i ><B(7r+7r ) 1'35;8'5’8 1'3418?{’ 1'391838 1.3140.27
109 x B(xTn™) 5027082 5027050 5.04%0350  5.0440.28
BaBar
6 — .0 +1.07 +1.09 +1.09
10° B(Tro wo) 5‘0418‘33 5'0118'28 4.9818.23 5.02+0.54
i ><B(7r+7r ) 1‘85418"?1% 1.82181% 1.8118%% 1.834£0.25
109 x B(xTn™) 5467077 5527099 555708 s55+0.5
Belle I
6 -0 +0.62 +0.61 +0.61
108 x B(n=x0) 5117952 5107050 5107080 5.10+0.40 M
10% x B(x0#0) 1427837 1407037 1397045 1.38+0.35 t-~a
6 +. _— +0.43 +0.42 +0.38 Ago ~ az
100 x B(ntn™)  5.827593 5827095  5.83703%  5.83+0.28

A_o ~ a1+ ag

MERAND XA RETEAIS THRENERIT.
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BBIA

CP asymmetries

pw=my/2 = my p=2my data
PDG
Acp(r~x%)  —0.001370-000%  —0.00244£0.0001  0.0009+0.0003  —0.0140.04
0.0 +0.043 +0.035 +0.024
ccp(wowo) 70.504@%%2 0.418320034%5 0.31439603229 —0.2540.20
Scp(r°n0) 0.04917-959 —0.053%9-99° —0.108102-9%9
Cop(ntn™)  —0.02315:002 —0.012:£0.001 —0.025:£0.001  —0.314:0.030
Scp(ntn™)  —0.52219:000 —0.443:0.001 —0.365:£0.002 —0.67+0.03
Belle
Acp(r~=%)  —0.0018T7:095%  —0.0024£0.0002  0.0001£0.0005  0.025:0.044
0.0 +0.113 +0.082 +0.061
ccp(wowo) 70.459!001}1910 0.39618‘%% 0.3071]608#6 —0.1440.37
Scp(r°n0) 0.218106133‘1 0'095*&1832 70‘002184‘85’2
Cop(nta™) 70.02018:883 70.01018:885 70.02218:882 —0.33£0.07
Scp(rta™)  —0.5261900% —0.44119-002 —0.35910-907 —0.64£0.09

0 MAEMHE |Acp(r~70)|<1%

@ [Acp(rm?)|<|Cop(r™nt)| <|Cop(n®n®)|

@ Cop(nO70) W&/ ESTTHEUR

RIEXZ

V2

Ayp_ ~ay
A_g = AE{V,, VE (a1 + a2) — Vip ViyE(—ar + agR + ag + a10)}

Aogo ~ a3
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TABLE IV: Wilson coefficients C; with the naive dimensional regularization scheme.

7 mp/2 mp 2my
LO NLO LO NLO LO NLO
C1 1.168 1.128 1.110 1.076 1.070 1.041
Cy —0.338 —0.269 —0.237 —0.173 —0.160 —0.100
Cs 0.019 0.020 0.012 0.014 0.007 0.009
Cy —0.046 —0.048 —0.032 —0.034 —0.022 —0.024
Cs 0.010 0.010 0.008 0.008 0.006 0.006
Cs —0.057 —0.060 —0.037 —0.039 —0.023 —0.025
Cr/oem —0.103 —0.012 —0.096 0.004 —0.080 0.027
Cg/tem 0.023 0.080 0.014 0.052 0.009 0.034
Cy/oem —0.095 —1.372 —0.090 —1.297 —0.076 —1.234

C1o/0em —0.025 0.360 —0.018 0.249 —0.013 0.166




po=mpy/2 K= my H=2my b=mp/2 p=my H=2my
PDG BaBar
X2 /ndof 120.5/4 170.1/4 205.2/4 X2/ ndof 10.8/4 15.9/4 21.6/4
[ 1X] 0.31+0.02 0.40 + 0.02 0.42 + 0.02 | X]| 0.33£0.03 0.36 £0.03 0.37+0.04 |
5 (=61.5+5.5)° (75.6 + 4.3)° (83.5 +4.0)° 5 (—70.6+9.0)°  (—79.7+£8.8)°  (—87.4+8.5)°
Fgﬂ' 0.218 +0.004 0.218 +0.005 0.220 4 0.005 Fg" 0.216 4+ 0.009 0.217 £+ 0.009 0.221 4+ 0.009
p\Xl,é —0.44 0.47 0.41 plX\,é —-0.27 —0.27 —0.27
P\XLFO —0.58 —0.51 —0.47 p|X\:F0 —0.63 —0.60 —0.54
pé,Fn 0.14 0.08 0.22 pé,Fn 0.15 —0.05 —0.22
Belle Belle Il
X2 /ndof 22.4/4 28.2/4 31.0/4 X2 /ndof 2.8/2 2.5/2 2.4/2
| | X| 0.28 +0.03 0.36 + 0.04 0.37 £0.04 | X 0.36 +0.05 0.36 +0.05 0.37£0.05
5 (—42.7413.0)°  (59.34£10.3)°  (67.1+9.4)° 5 (72.2+6.9)° (78.1+7.0)° (83.9+7.0)°
FOB‘” 0.220 £ 0.006 0.217 £ 0.006 0.216 4+ 0.005 Fg‘" 0.224 4+ 0.006 0.225 £ 0.005 0.227 4+ 0.005
Pixl,s —0.63 0.74 0.68 Pix|,s 0.69 0.67 0.66
Pix1, 7 —0.50 —0.47 —0.38 Pix1, o —0.57 —0.49 —0.38
pé’F0 0.49 —0.28 —0.05 pS,FO —0.48 —0.28 —0.05
@ [MEEENR 1 T @ |X| ~0.3/0.4

@ PDG M x2 B

@ FS™ ~0.22/0.23

i Px|,py <0



IEIR (continue.)

BaBar
pw=my/2 pno=my pn=2my data
.ACP(Tr_TrO) —0.000940.0004 —0.0024+£0.0002 —0.0049+0.0005 0.0340.08
0.0 +0.055 +0.044 +0.033
CCP(‘ITOTFO) 70'49318‘85% 70'40418'835’ 70'30818'8?3 —0.43+0.26
Sop(r-7) —0.0357 5076 —0.0927 5060 —0.12375 044
Cep(rtn™) —0.02440.002 0.005+0.001 0.020+0.002 —0.25+0.08
Sep(rta™) —0.51940.003 —0.44440.001 —0.36740.003 —0.6840.10
Belle Il
w=my/2 pno=my w=2my data
= 0.0003 0.0006
Acp(x—0) 70.0052;0%9804 70.002(1:!‘:)06(7)802 0'000618'8295 —0.08140.055
0_0 . . .
CCP(TI'OTI'O) 0'572418‘?32 0.4691%0355 0.358:&)061;10 0.1440.47
Sep(mw") 0.0117 5 597 —0.0571 5 g74 —0.097 5 054
Cop(rta™) 0.012+0.003 —0.01140.001 —0.02240.003
— 0.002
Scp(ntn™)  —0.52240.002 —0.44440.001  —0.36575-92




PQCD 4

TABLE L. Branching ratios and direct CP violation (8 = 837, I> = '"TZ, m. = 1.3 GeV), where NLO is the hard contribution up to
next-to-leading order in QCD, “+&5,” contribution of NLO -+ the contribution of the soft transition form factor £p,, “+7T4” contribution
of NLO + color-octet matrix element, “+&,,” contribution of NLO + contribution of soft production form factor of zzx,
“+&p, + Ty + &, total contribution of NLO + &, + Tg + &,,, for which the first uncertainty comes from the constraint of
experimental data, the second is the quadratic combination of uncertainties from the variation of input parameters in B and pion wave
functions. The last column is the experimental data from PDG [8].

Mode NLO +Sx 6 +T +68r + &nn + T Data [8]
B(B® —» ntz7) x 1076 4.95 7.48 3.32 437 5.14 £0.61103% 5.12£0.19
B(B — nta®) x 107° 327 4.40 3.27 423 572 +£04410% 55+04
B(B° - °2%) x 10°° 0.13 0.14 0.22 0.67 1.50 £0.241018 1.59+0.26
Acp(B® > nn7) 0.17 0.11 0.44 0.22 0.33 £0.0410% 0.32+£0.04
Acp(Bt = nta0) -0.0007 —0.0007 —0.0007 0.0053 0.0054 + 0.00047 30001 0.03 4+ 0.04

Acp(B® - n°z°) 0.27 0.48 -0.16 0.53 0.23 £ 0.071907 0.3340.22




QCD AFHAE

@ 1999 &£ M. Beneke EABRIEE —FITEBFEMTN G EF—QCD BFHEE
(1]

° £ QCD AFHAET, IFMMBNESEE BN FICHED BIRIBMIFIRE 5.
o HEESREMT, B— MiM, IFEAETFEMTANRTN

(1) 8 M M My HEEN
(M, M;|0;|B) ZFB"M‘/ dt Th(2)®as, () + (M3 M)

+ [ e[ e / 4 T (E 2, 5)05(6)as (2) 001, 0)

(2) & My BENF, Mo BENTF
(M, M50} By = 30 FE ;dx T (@) B2 (2)

® QCD EFHARE B NFHAAIFRBRECEZEEZHA 9, BHEE— LR

[1]Phys. Rev. Lett. 83, 1914 (1999). [2]Nucl. Phys. B 591, 313 (2000).  [3]Nucl. Phys. B 606, 245 (2001). [4]Phys. Lett. B 488, 46 (2000).
[5]Phys. Lett. B 509, 263 (2001).  [6]Phys. Rev. D 64, 014036 (2001).  [7]Nucl. Phys. B 675, 333 (2003).  [8]Nucl. Phys. B 832, 109 (2010).
[9]Phys. Rev. D 90, 054019 (2014).



QCDF AEF B — 7 BIIRIERIATN (continue.)

NLO Z¥ a; = CNO + LONO + LS00V, & i ATHE, j=i+1; i DBEAET,
j=i-1,

TR IERI TRk
12In 22 — 18 + S de g(z) Da(a) ifi=1,2,3,4,9,10

Vi=q—[12In ™ — 6 [} dv g(z) Pu(a)] if i=5,7
—6 if i=6,8

9(z) = 3(=Inz — im) + [2Liz(2) — In%z + f'_"m — (3 +2im)Inz — (z < 7))

x x

HF B nr, twist-2 SEDTFIRIE r(2) = 6a(1 — o)1+ > am /D (22— 1)]
n=1

[ do g(x) Dy (z) FTNERN —L — i3m— Lag — 27



[1] M. Beneke, G. Buchalla, M. Neubert, C. Sachrajda, QCD factorization for B — w7 decays: strong phases and CP violation in the heavy quark

limit, Phys. Rev. Lett. 83, 1914 (1999).

[2] M. Beneke, G. Buchalla, M. Neubert, C. Sachrajda, QCD factorization for exclusive nonleptonic B meson decays: General arguments and the
case of heavy light final states, Nucl. Phys. B 591, 313 (2000).

[3] M. Beneke, G. Buchalla, M. Neubert, C. Sachrajda, QCD factorization in B — w K, mm decays and extraction of Wolfenstein parameters,
Nucl. Phys. B 606, 245 (2001).

[4] D. Du, D. Yang, G. Zhu, Analysis of the decays B — wm and wK with QCD factorization in the heavy quark limit, Phys. Lett. B 488, 46
(2000).

[5] D. Du, D. Yang, G. Zhu, Infrared divergence and twist-3 distribution amplitudes in QCD factorization for B — PP, Phys. Lett. B 509, 263
(2001).

[6] D. Du, D. Yang, G. Zhu, QCD factorization for B — PP, Phys. Rev. D 64, 014036 (2001).

[7] M. Beneke, M. Neubert, QCD factorization for B — PP and B — PV decays, Nucl. Phys. B 675, 333 (2003).

[8] M. Beneke, T. Huber, X. Li, NNLO vertex corrections to non-leptonic B decays: tree ampli- tudes, Nucl. Phys. B 832, 109 (2010).

[9] Q. Chang, J. Sun, Y. Yang, X. Li, Spectator scattering and annihilation contributions as a solution to the 7w K and w7 puzzles within QCD
factorization approach, Phys. Rev. D 90, 054019 (2014).

[10] S. Navas, C. Amsler, T. Gutsche et al. (Particle Data Group), Review of particle physics, Phys. Rev. D 110, 030001 (2024).

[11] Y. Duh, T. Wu, P. Chang et al. (Belle Collaboration), Measurements of branching fractions and direct CP asymmetries for B — K,

B — wm and B — KK decays, Phys. Rev. D 87, 031103 (2013).

[12] T. Julius, M. Sevior, G. Mohanty et al. (Belle Collaboration), Measurement of the branching fraction and C'P asymmetry in B — 70x0
decays, and an improved constraint on ¢o, Phys. Rev. D 96, 032007 (2017).

[13] B. Aubert, M. Bona, D. Boutigny et al. (BaBar Collaboration), Study of BY — 7r07r0, BT Tri-rro, and B - KE0 decays, and
isospin analysis of B — 77 decays, Phys. Rev. D 76, 091102 (2007).



(continu

[14] J. Lees, V. Poireau, V. Tisserand et al. (BaBar Collaboration), Measurement of C'P asymmetries and branching fractions in charmless
two-body B-meson decays to pions and kaons, Phys. Rev. D 87, 052009 (2013).

[15] B. Aubert, R. Barate, M. Bona et al. (BaBar Collaboration), Improved measurements of the branching fractions for B - ntx~ and

BY — K+7r_, and a search for BO — K+K_, Phys. Rev. D 75, 012008 (2007).

[16] I. Adachi, L. Aggarwal, H. Ahmed et al. (Belle Il Collaboration), Measurement of branching fractions and direct CP asymmetries for

B — Km and B — 7 decays at Belle Il, Phys. Rev. D 109, 012001 (2024).

[17] F. Abudinén, I. Adachi, K. Adamczyk et al. (Belle Il Collaboration), Measurement of the branching fraction and CP asymmetry of

B® — 7970 decays using 198x10% BB pairs in Belle Il data, Phys. Rev. D 107, 112009 (2023).

[18] Y. Zhang, X. Liu, Y. Fan, S. Cheng, Z. Xiao, B — 7 decays and effects of the next-to-leading order contributions, Phys. Rev. D 90, 014029
(2014).

[19] X. Liu, H. Li, Z. Xiao, Transverse-momentum-dependent wave functions with Glauber gluons in B — 7, pp decays, Phys. Rev. D 91,
114019 (2015).

[20] S. Lii, M. Yang, Possible solution of the puzzle for the branching ratio and CP violation in B — mm decays with a modified perturbative QCD
approach, Phys. Rev. D 107, 013004 (2023).

[21] R. Wang, M. Yang, Branching ratio and CP violation of B — K decays in a modified perturbative QCD approach, Phys. Rev. D 108,
013003 (2023).

[22] P. Ball, R. Zwicky, New results on B — 7, K, n decay form factors from light-cone sum rules, Phys. Rev. D 71, 014015 (2005).

[23] B. Colquhoun, S. Hashimoto, T. Kaneko, J. Koponen (JLQCD Collaboration), Form factors of B — mwfv and a determination of | V,,;| with
Mébius domain-wall fermions, Phys. Rev. D106, 054502 (2022).

[24] B. Cui, Y. Huang, Y. Shen, C. Wang, Y. Wang, Precision calculations of Bd,s — 7, K decay form factors in soft-collinear effective theory,
JHEP 03, 140 (2023).




	
	
	
	
	
	
	
	
	
	

