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ABSTRACT: With updated experimental data and improved theoretical calculations, several
significant deviations are being observed between the Standard Model predictions and the
xperimental measurements of the branching ratios of B?S) — Dg)) L~ decays, where L is
a light meson from the set {7, p, K®)}. Especially for the two channels B® — D+K~ and
BY — DFn~, both of which are free of the weak annihilation contribution, the deviations
observed can even reach 4-50. chrc we exploit possible new-physics effects in these class-
I non-leptonic B-meson decays within the framework of QCD factorization. Firstly, we
perform a model-independent analysis of the effects from twenty linearly independent four-
quark operators that can contribute, either directly or through operator mixing, to the
quark-level b — cud(s) transitions. It is found that, under the combined constraints from
the current experimental data, the deviations observed could be well explained at the lo
level by the new-physics four-quark operators with v(1 —v5) ® 9, (1 — 75) structure, and

also at the 20 level by the operators with (1 + 45) @ (1 — 5) and (1 + 5) @ (1 + 75
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As all the four quark flavors in b — cud(s) transitions are different from each other,
these tree-level decays receive contributions from neither the penguin operators nor the
penguin topology. There is also no color-suppressed tree topology in these class-I decays. At
leading power in Aqep/mp. these decays are dominated by the color-allowed tree topology
that receives only vertex corrections, while interactions with the spectator antiquark and
the weak annihilation topology are both power-suppressed [20]. I‘u fact, noting that the
weak annihilation topology contributes only to B® — D®)*7~ and B, — DL*H’K’. but
not to B — DMK~ and By — Dg*)+7r’. one can use the ratios between the branching
fractions of these two kinds of decays to probe the topology. Remarkably, the current
experimental data shows already that the impact due to such a topology is negligible [37].

Decay mode  LO NLO NNLO NNLO# Ref. [36] Ref. [38] Exp. [7, 8]

BY - Dtr 420 445%0% 458702 474798 3934043 2.65+0.15

B — D*r= 377 400103 4137030 426700 345100 2.5840.13

BY = Dtp~ 10.98 11.647055 11.967042 12.28F149 10.4271 34 76412
Decay mode [ [ar/(a1 +b1)| lax/(ax + by)[ =P B — D*p~ 10.32 10957140 11284149 11,6115 9247072 6.0£08
B Dtn- 0.019 553} 0.982 +0.056 104035035 B DYK- 3.8 337707 348704 301708 3264015 219+ 0.13
B Dt 0.017 75553 0.984 £ 0.075 LOL6 503 B DK~ 2.82 300702 310101 2507939 3271939 2,04+ 047
B = D*p~ 0.015 555 0.987 +0.043 BY— D*K*~ 548 580708 5944040 5.25+068 16408
B Dy 0.015 5533 0.986 % 0.050 B Dir~ 423 449702 461 4397196 4424021 3.2340.18
BY > DK~ 0.026 70068 0.976 % 0.072 10037505 BY = Drfn- 351 373108 38440% 2207058 4301090 24407
BY = DI K- 0.02549.9%5 0.977 0.106 1048708 B DFK- 321 3414015 3500005 3691060 334+101 2.4140.16
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HARYRIERIE I

o effective weak Hamiltonian
effective weak Hamiltonian responsible for By s — DL decay induced by
b — cuq(q = s,d)

Hetr = 3% q;s Veb Vig {01 () Q1 (1) + Co(p) Qo) | +h.c., (1)
Q1 = (Caba)v-a(GsUs)v—_a, Q2 = (Cabp)v-a(QsUa)v—_a, (2)
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HARYRIERIE I

o HAYRIBIEQCD [HILHELR T HRIEA
AR 58 TR 0 (M M2 | Oy(1)|B) , X T ASCHTS SR B T M M-l
FIREARERE, EESTRIRT, HQCDREFALAFKITH

(M 1Q18) =3 Mt [ T emw). g

BARYCLR I TR, MU IEE, S50 RO S5 AE A s i ok, H
RS SR I FAERE SR I B IERT STk, BA ¥ P AR 593 ikl ) 2%
B LS

A(B—M;Ms) = Z > Voai(p) (My Me| Qi B £ (4)

quc/
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HARYRIERIE I

SRR T, QCDI 55k 1 R By AT LS L

C; Ciii C
ai(MyMy) = (C,-+ ﬁ) Ni(M) + Ni‘ j:s
C C

47
[V,'(Mg) + - HitMs Mz)] , (5)
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LCDAs

Zhao M.F. (Henan Normal University)

ifg

— (P + ms)s]P5(E), (6)
+% (/’%‘DD(X) - mDVsébD(X)) ; (7)
af
" (mscbp(x) ~ ups 2 ¢p(x)> , (®)
aff
H 1
_IfTV <¢¢V(x)_ m;c/va k/ZZ.KI; ¢V(x)> aﬁ, 9)
Kok
% (sos00 s s o) (10)
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HARYRIERIE I

The hard-spectator corrections can be written as(B — DP)
o _ b
Xy xy
11

. ® 2+1  2r3
M, =ifshy, fy,mos 35(5) (1—1r3) {—¢D1 (Y)®Pp2(X) [ 2 T;?

+ ¢p1(y)Pp2(x)

fori=1-4,910,

2 2
Hi = ifgfw, szmsq)Bg(g) (1-1B) {q’m (¥)®p2(X) f-(r}-f’ - 1;7%] — 601(y)Pp2(x) [)-:?, - % }
(12)
fori=5,7,
H;=0; fori=8,8, (13)

where rp=mp/mg,Xx=1—-x,y=1-y.
for B— DV, H;(DV) = H;(DP) i=1—4,9,10,

H,(DV) = —H;(DP) i = 5,7,
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HAYPRIERIE I

By — Dq4L decays:

A (Bl = Dy~ ) =Apin- VesVigar (14)
A (Bly = DK™ ) =Apeic- Voo Vi (15)
A(Bs) = Do~ ) —Ap+ - Vip Vo (16)
A(BYy = D K"~ ) =Aps - Ve Vs (17)
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N

TR SO N R AR R T AR SRR HE N ZE AR H 4L (in units of MeV)

fp+ = 204.6, fpr = 253.7, fg,, = 186 £ 7,

FE~P =017, F2s7P = 0.69, fa, = 224 + 9,

D meson a =1, a; = 0.574, a» = 0.106, az = 0.017,
Ds meson a =1, a; = 0.483, a» = 0.025, as = —0.023,
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Table: The experimental results and theoretical predictions for || with and without the HSS corrections taken
into account.

Decay modes T+V T+V+HSS T+ V[l T+ V+HSSI] NLO[2] NNLO[Z] Exp.[2]
la1(BY — DTK™)| 1.030 1.027 1.053 1.049 1.0547%%22 " 1.07070,010 " 0.87 + 0.06
|s (B — DF )| 1.031 1.028 1.054 1.051 1.0541%%28  1.073"%%%  0.89 +0.05
|t (BS — DFK™)| 1.030 1.025 1.053 1.050

|t (B2 — Din)| 1.031 1.026 1.054 1.051

la1(BY — DY K*~)|  1.030 1.027 1.0547G%22 1.0727902 " 0.99 £ 0.09
la1(BY — D p7) 1.031 1.028 1.05479,%22 107279012 0.91 4+ 0.08
lat(B2 — DfK*~)|  1.030 1.026

|t (BS — Df p7)| 1.031 1.027
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Table: The branching fractions (in units of 10~3) of By s — DL decays .

Decay modes NF T+ V T+V+H FM Cai Exp

B — DK~ 0318 0.324 0.3227991370000  0.318  0.30179%37 0.208 +0.008
BY — Dfr~ 4195 4.276 425270180907 420 . 2.56 +£0.13
B — DK~ 0314 0319 0.316700,670%, 0321 033470198 0.241+0.016
BY —» Dir~ 4138 4217 418275151993 423 2.85+0.18
BY — DTK*~ 0.488 0.497 0.494700%2700%% 0548  0.525700%°  0.46 +0.08
By — Dtp~ 979 9977 9.927+p4R*0%:  10.98 76+£1.2
BY — DiK*~ 0.482 0.491 0.487100700%

B — Dfp~ 9.661 9.845 9.77973%33+0370

1JHEP 10 (2021) 235
2JHEP 09 (2016) 112
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Table: The branching fractions (in units of 107%) of By s — DL decays .

Decay modes T + V T+V+H ||
BY — D*K~  0.324 0.3227901379%0  0.006
By — Dtx~ 4276 4.252107%10°%°)  0.006
/_3% - DSiK_— 0.319 0.316%%;5%%% 0.009
B — Din 4217 4182751510452 0,009
By — DYK*~ 0.497 0.494700%100%  0.006
By — Dtp~  9.977 992710400 %  0.005
B — DIK*~  0.491 0.487100%2+00%  0.008
BY — Dfp~  9.845 9.77973:338+031%  0.007
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FEQCDRAIFAMESRL S, xf B 7 AR REEAT 7 iH0R, b B 1% BN T A A2 IR AR
DUHRIE 5 R8T 55 WL BIUM AR A DTk M EE s BT AT DL BRI AR ) 55 L BIUH X IR
& KLH-0.4%M 510k X B — DLEEARBRT G A 0, (i T 55 BUH stk /D, 3
A2y S AT AREL S BG E 25 A 45 R K
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