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518 B/\&ETHEEFT HRIWIE
oe 000 0000
E\j_]*ﬂ, s N -0 0.0 = ,
BRI B — n'7° D ZESZWERLNMREZ (77 puzzle)
Experimental datal!!
mode PDG Belle BaBar Belle Il
108 x B(B~ =7~ =) 5.3140.26 5.86+0.46 5.02:£0.54 5.10-£0.40
10% x B(B® - #°#°) 1.5540.17 1.3140.27 1.8340.25 1.384:0.35
108 x BB’ > ntn) 5.43+0.26 5.04+0.28 5.5 £0.5 5.83+0.28
Acp(B~ = n— V) —0.01 £0.04 0.025+0.044 0.03 +£0.08 —0.08140.055
Cop(B® = n0x0) —0.25 +0.20 —0.14 +0.37 —0.43 +0.26 0.14 £0.47
Cep(B® = ntr™) —0.31440.030  —0.33 £0.07  —0.25 £0.08
Sep(B® = wtn™) —0.67 £0.03 —0.64 £0.09  —0.68 +0.10
Theoretical results
mode QCDF PQCD
+NLOPT NNLO +NLO] +NLOIP] +NLOGI?]
108 x B(B~ — n~x¥) 5.1 5.82£1.42 | 4.277 1'% 3354110 4.45+1.43
10% x B(B® — «07°) 0.7 0.63£0.65 | 0237012 0.20+0.11  0.61+0.21
108 x B(B' »ntn ) 5.2 5.70+1.35 | 7.67755%  6.19+£2.12  5.3941.88

[1] Phys. Rev. D 110, 030001 (2024).

[2] M. Beneke, M. Neubert, Nucl. Phys. B 675, 333 (2003).
[4] Y. Zhang, X. Liu, Y. Fan, S. Cheng, Z. Xiao, Phys. Rev. D 90, 014029 (2014).

[3] M. Beneke, T. Huber, X. Li, Nucl. Phys. B 832, 109 (2010).

[5] X. Liu, H. Li, Z. Xiao, Phys. Rev. D 91, 114019 (2015).
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00 ®00 0000
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A - A7r7r{ Vub
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wa@1 — Vip Viglas + aro + (a6 + as) R]}

3
Vi Vt*di(_(w + asR+ a9 + a10)}

1 3 1
Aoo = —Arr{ Vs Vigaz + Vip Viglaa — 5 @0 + §(a7 — ag) + (as — §GS)R]}
mZ
EEP ‘Aﬂ'ﬂ' - 'L&(mB - i)Fgﬁfﬂ" = mb(;lulﬁld)

NLO F¥ a; = VO + L OGN0 + 2S00V, 5 i RFHE, j=i+1; i DBEE, j=i1

NLO 1 ~NLO C LO
a = OO + LN 4 e Cr g

NLO 1 NLO C LO
az = Oy +N01 ﬁwpcl Va
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1, _ _ _
(@1,6T142,8) (43,67 2q4,0) = N(Ql,arl 42,0)(@3,8T2qa,8) + 2(T1 T"q2) (T2 T qu)

Cl <7T07T0| 01|§0>
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N
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[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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00 coe 0000 o

B/\ESTHR (continue.)
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515 B/N\ETSEFTT
[e]e] 000
ey
1?&%51& the fit results
o= my/2 = my w=2my
PDG
X2 /ndof 120.5/4 170.1/4 205.2/4
| X] 0.31+0.02 0.40 £ 0.02 0.42 +0.02
5 (—61.545.5)° (75.6 = 4.3)° (83.5+£4.0)°
FE™ 0.218 4 0.004 0.218 4 0.005 0.220 4 0.005
P xR —0.58 —0.51 —0.47
Belle
X2 /ndof 22.4/4 28.2/4 31.0/4
| X] 0.28 +0.03 0.36 4 0.04 0.3740.04
§ (—42.7 £13.0)° (59.3£10.3)° (67.1£9.4)°
FBm 0.220 4 0.006 0.217 4 0.006 0.216 4 0.005
Pix1, Ry —0.50 —0.47 —0.38
BaBar
X2 /ndof 10.8/4 15.9/4 21.6/4
|X]| 0.33+0.03 0.36 +0.03 0.374+0.04
5 (—70.6 +9.0)° (—79.74+8.8)°  (—87.4+8.5)°
FE™ 0.216 + 0.009 0.217 + 0.009 0.221 + 0.009
Pix1 g —0.63 —0.60 —0.54

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

ERIWIE

@000

[arXiv:2502.12461]

BEREAT 1 ZEM

T op=mp/2 B x> &
PDG MI&/\ x* BEX
|X| ~0.3/0.4

FB™ ~0.22/0.23

PIX|, P <0

BRITEER FPm=0.183(92)
HHERMMMER FFm=0.19(5)

[2] B. Cui, Y. Huang, Y. Shen, C. Wang, Y. Wang, JHEP 03, 140 (2023).
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BFESH (continue.) our result: |X| ~ 0.3/0.4

PQCD: |X| ~ 0.25, F&™=0.271]
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FIG. 1: The distribution of the fit parameter X obtained from the PGD data with different form

factor FOB" at the scale u = 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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[e]e] o]
Z\
al-dns I
ranching ratios
po=my/2 w=my w=2my data
PDG
108 x B(z—=%) 5357055 5207035 5207037  5.31+0.26
6 0_0 +0.29 +0.28 +0.28
109 x B(x0x%) 1627058 16aTp55 1707058 155017
108 x B(xTn™) 5357042 5381055 5427081 5.43+0.26
Belle
108 x B(x—=0) 5.88709% 5807008 5827097 5.86+0.46 Ap_ ~a
6 0._0 +0.43 +0.43 +0.41
10% x B(x0x0)  1.35703% 1347033 130704l 1.31+0.27 Ago ~ a2
108 x B(rtn™) 5027052 5024050 5047090 5.04%0.28 A_g ~ ai + a3
BaBar
108 x B(x—=0)  5.047 07 5017097 4987109 5.02+0.54
6 0_0 +0.49 +0.49 +0.48
106 x B(x%x0) 185;8_% ety 1A81;8_éli 1.8340.25
6 +._— . . .
108 x B(ntn™) 5467077 5521000 555706 s5t0.5
Belle Il

108 x B(n—=%) 5117952 5107000 5107050 5.10+0.40
108 x B(x97?) 42104l 407031 1397043 1.38+0.35
108 x B(rtn™) 5827098 5821092 5837088 5.83+0.28

[un

MEREIND XAIRECEAS TREFERY.
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B/\ESHEEFT HRIWIE =G
000 oooe o]
PDG
pw=my/2 = my p=2my data
Acp(r~x%)  —0.001378-950%8 " _0.0024+0.0001  0.0009+0.0003 —0.0140.04
0_0 +0.043 +0.035 - +0.024 oK B
C(jp(TFOWO) —0.50i_()000§2 0.418_49(_)0(%5 ()43141_4—0(_]03229 —0.2540.20
.05 . .
Sep(r0n) 0.04910-059 —0.05319-09° —0.108103-029
Cop(ntn™) —0.02319-002 —0.01240.001 —0.025+0.001  —0.31440.030
Sep(ntn™) —0.522+0-001 —0.44340.001 —0.365+0.002 —0.6740.03
Belle
pno=my/2 ©no=my w=2my data
Acp(r~x%)  —0.0018T8-000%  _0.0024£0.0002  0.0001£0.0005  0.025:0.044
0_0 +0.113 +0.082 +0.061
COI:(TFOTFO) 4.459@01&20 0.39618%% 0430739006,,;16 —0.14+0.37
Scp(n979) 0.21810(-513&L 0'095’&16’32 70‘0024?8:882
Cop(ntn™) 70'02018"883‘? 70'01018:88% 70‘0224?8:882 —0.33+0.07
Scp(rta™) —0.526 10903 —0.441+9-002 —0.350F0-004  _0.64£0.09
0 MEMHE |Acp(r~70)|<1% @ Cop(n¥n0) /N ESTIEUR
@ |Acp(r~ ) |<|Cop(r™n )| <|Cop(n®)|
RIEXR Al ~ay Aoo ~ a2
A 3
A_g= \}%"{Vubvzd(a1+a2)f thde5(7a7+agR+ a9+a10)} 11/13
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CP Wik

B/N\ETSEFTT HRIWIE =G
000 oooe o]
PDG
pw=my/2 = my p=2my data
Acp(r~x%)  —0.001378-950%8 " _0.0024+0.0001  0.0009+0.0003 —0.01£0.04
0_0 +0.043 +0.035 - +0.024 oK B
C(;p(TrOWO) _0.5Oi600032 0.418__'9(_]034115 04314__&_]03229 —0.25+0.20
.05 . .
Sep(r0n) 0.049%5-05% —0.05319-09° —0.108703-029
Cop(ntn) —0.02315:00% —0.01240.001 —0.025+0.001  —0.314-0.030
Sep(ntn™) —0.522+0-001 —0.44340.001 —0.365+0.002 —0.6740.03
Belle
pno=my/2 ©no=my w=2my data
Acp(r~x%)  —0.0018T8-000%  _0.0024£0.0002  0.0001£0.0005  0.025:0.044
0_0 +0.113 +0.082 +0.061
co,,(rrowo) 70'4535"1‘}&0 0.39618??% 0430739005,;16 —0.1440.37
Scp(n979) 021870150 0.005+G- 157 —0.00277 078
= R 6002 0:004
Cop(ntn™) 70'020%8‘883 70'010}8‘88% 70‘022}8‘883 —0.334+0.07
Scp(rta™) —0.52610-903 —0.44179-002 —0.35910-00%  —0.64+0.09 |
0 MEMHE |Acp(r~70)|<1% @ Cop(n¥n0) /N ESTIEUR
@ |Acp(r~ ) |<|Cop(r™n )| <|Cop(n®)|
RIEXR Af_ ~ay Aoo ~ az
A 3
A_o= \}"E""{Vubvzd((n#»ag)f thV;fdi(fa7+agR+ a9+a10)} 11/13




B/\ESHEEFT HRIWIE =G
000 oooe o]
PDG
pw=my/2 = my p=2my data
Acp(r~n%)  —0.0013TH 1005 —0.0024+£0.0001  0.000940.0003 —0.0140.04
0_0 -+0.043 +0.035 - +0.024 oK B
C(;p(TrOﬂ'O) —0.50i600032 0.418__'?(_)0335 04314__&_]03229 —0.25+0.20
.05 . .
Sep(n070) 0.049750:05% —0.05370°073 —0.10810-059
Cop(ntn) —0.02310-00% —0.01240.001 —0.025+0.001  —0.314-+0.030
Sep(ntn™) —0.52210-001 —0.44340.001 —0.365+0.002 —0.6740.03
Belle
pno=my/2 ©no=my w=2my data
Acp(r~x%)  —0.0018T8-000%  _0.0024£0.0002  0.0001£0.0005  0.025:0.044
0_0 +0.113 +0.082 +0.061
co,,(rrowo) 4.459@01&20 0.39618.??% 0‘307749008’;16 —0.1440.37
Sep(r0n?) 0.21813(")1334 0'095?518512 70‘00218:882
Cop(ntn) 70'02018"883‘? 70.01018;885 70‘02218:882 —0.3340.07
Scp(rta™) —0.52679-993 —0.44179-002 —0.35979-99%  —0.64+0.09
0 MEMHE |Acp(r~70)|<1% @ Cop(n'n0) WEB/NESHEMEUR
@ |Acp(r~ ) |<|Cop(r™n )| <|Cop(n®)|
RIER R Af_~a Aoo ~ a2
A 3
A_o= \}"E""{Vubvzd((n#»ag)f thV;fdi(fa7+agR+ a9+a10)} 11/13
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TABLE IV: Wilson coefficients C; with the naive dimensional regularization scheme.

m my/2 my 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
Cs/em 0.023 0.080 0.014 0.052 0.009 0.034
Cy/cem —0.095 —1.372 —0.090 —1.297 —0.076 —1.234
C10/em —0.025 0.360 —0.018 0.249 —0.013 0.166




RESE
no=mp/2 n=my n=2my o= my/2 n=my n=2my
PDG BaBar
X2 /ndot 120.5/4 170.1/4 205.2/4 X2 /ndof 10.8/4 15.9/4 21.6/4
[ 1x1 0.314+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)°
FOB" 0.218 +0.004 0.218 +0.005 0.220 4 0.005 Fg" 0.216 4+ 0.009 0.217 4+ 0.009 0.221 4 0.009
p\X|,5 —0.44 0.47 0.41 p|X\,6 —0.27 —0.27 —0.27
p\tho —0.58 —0.51 —0.47 p|X\,F() —0.63 —0.60 —0.54
p5’F() 0.14 0.08 0.22 p&,FO 0.15 —0.05 —0.22
Belle Belle Il
X2 /ndot 22.4/4 28.2/4 31.0/4 X2/ nqof 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)°  (59.3£10.3)°  (67.1+9.4)° 5 (72.2+6.9)° (78.1+7.0)° (83.9 +7.0)°
FOB‘" 0.220 4+ 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
Pix|,6 —0.63 0.74 0.68 Pix|,6 0.69 0.67 0.66
p\tho —0.50 —0.47 —0.38 p|X\,F() —0.57 —0.49 —0.38
pé’F0 0.49 —0.28 —0.05 p‘;’FO —0.48 —0.28 —0.05

@ [EEEIT 1 B

@ PDG K] x2 BA

@ |X| ~0.3/0.4

@ rb™ ~0.22/0.23

@ pix1,ry <O



CP B3R (continue.)

BaBar
p=my/2 p=my pn=2my data
Acp(m~m%)  —0.0009£0.0004  —0.0024£0.0002  —0.0049£0.0005  0.03=£0.08
Cop(nO70) —0.493+0-052 —0.40419-092 —0.30810-0%3 —0.4340.26
Scp(r9n0) —0.03519-087 —0.092+9-068 —0.123+9-9%¢
Cop(ntm™)  —0.024+0.002 0.00540.001 0.020£0.002 —0.25£0.08
Scp(ztmn~)  —0.519£0.003 —0.44440.001 —0.367£0.003  —0.68+0.10
Belle Il
w=my/2 pno=my w=2my data
Acp(r~ %) —0.0052T5000%  —0.0026£0.0002  0.0006T00000  —0.081:+0.055
Cop(n®n0) 0.57219-979 0.46919-079 0.35810-057 0.14:+0.47
Scp(n070) 0.01179-123 —0.05719-99° —0.09719-970
Cop(ntn™) 0.012£0.003 —0.011£0.001  —0.022£0.003
Sep(rtn™) —0.522-40.002 —0.444+0.001 —0.36519-002

—0.003




PQCD %4

TABLE I. Branching ratios and direct CP violation (6 = 837, I> = 4 i m. = 1.3 GeV), where NLO is the hard contribution up to
next-to-leading order in QCD, “+£&p,” contribution of NLO + the contribution of the soft transition form factor £z,, “+7'” contribution
of NLO + color-octet matrix element, “+&,,” contribution of NLO + contribution of soft production form factor of =,
“+&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 +Epa +Eun +T +Ebz + & + T Data [8]
B(B® —» ntn7) x 1076 4.95 7.48 332 437 5.14 £0.611037 5.12+0.19
B(B* - n*a®) x 107 327 4.40 3.27 423 5.72+£0.44102 55+04

B(B® - z°2%) x 10~ 0.13 0.14 0.22 0.67 1.50 & 0.24708 1.59 +0.26
Acp(B® > ntn7) 0.17 0.11 0.44 0.22 0.33 +0.0470% 0.32+£0.04
Acp(BT = nt1%) —0.0007 —0.0007 -0.0007 0.0053 0.0054 £ 0. 0004*{,’38{,’]1 0.03 £ 0.04

Acp(B® — n°2°) 027 0.48 -0.16 053 023 +0.07:3% 033022
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