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Subleading power corrections to double radiative B
decays in SCET
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What can one benefit from Heavy Quark Physics?

v Test of Standard Model (CPV)
v' Search for “New Physics”

v' Understanding QCD
v
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High precision era of Heavy Quark Physics

O Experiment: LHCb+Belle-11+BES+CEPC+STCF+...
v Factorization+Multi-Loop calculation
v Power correction

v’ Lattice simulation
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Role of B meson LCDA

Radiative leptonic/double radiative decays A ~ C(u)J(w, ) *+ O(1/my)
(Lunghi et at, 2002, Bosch et al, 2003)

QCDF for nonleptonic decays (BBNS 1999)

(M Ms|Q;|B) = FBM T! % @y, —|—*[HiH*JH]*<I>Ml*<I>M2 + O /my)

PQCD approach (Li et al, Lu et al 2000): M « ﬁ dxydxs [d251d253{;153(x1,51,p1, )

X Ty(xy, X3, by, b3, 1)y, (x3, b, p3, 1)

. X S, (x3) exp[—Sp(1) — S5(1)].
Radiative decays (Becher etal 2005)

(Vy|[Heg| B) = 2mp |CCv, + *’mBZ(”)f” (CP@J.) @} @ + O(1/my)

LCSR with B meson LCDA (Khodjamirian et al 2005)
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How to determine B meson LCDA

e Constraint from evolution behavior

ePhenomenological model
Free parton model from WW approximation
Exponential/local duality model from QCD sum rules
Lattice simulation (benefit from LaMET)

eFitted from experimental data:

radiative leptonic/double radiative decays......
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Double radiative decays in Belle-l|

Observables Belle 0.71ab™! (0.12ab™!) Belle Il 5ab™~! Belle II 50ab™1

Br(Bg — v7) < 740% 30% 9.6%
Acp(Bg — 7v7) — 78% 25%
Br(Bs — v7Y) < 250% 23% —

(Belle Physics Book 2018)
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Kinematics of double radiative decays

+ Parameterization of the amplitudes

8

4GF Cem 4o * *

/2 dr ! (D)’ () D ViV > CiT
i=1

p=u,c

A(By = vy) = -
+ The helicity amplitudes

* The hierarchy structure

A
0 @) _ ( QCD)
i, L t, R mp
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Factorization at leading power

+ The tree level matching in SCET
Y . >\ﬂ: ge?gg( ) (qrLo"br)Fpuu

—4—:"\/\;

A(q} hc
Weak
SCET(hc,s) SCET(c,s)

+ The power behavior of the matrix element of the operators can be obtained
by the QCD analysis(Bosch et al 2002)

: :
A(B = v7) ~ f 05() —Bw(m%) %NAE
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Leading power amplitude ixep122020) 160

4GF (0% * * ¢ 2% 4
Avp(Bg—yy) =i 7 46: ei*(p)es’ (q) [gig — Z€éﬁ] eq By mB,U1(mb, i, i) Uz (i, pin, 1)

e Hard function at two loop

K mb, ;Lh [Z V;,bV* mb V7( e)ﬂ(mb,,uh,u)} |eVEI (CMM 1996).
p=u,c
/B &\ 7 » Jet function at two loop
exp [S(uo, ) + ay(po, 1) + 2vE ar(po, )] «7(3_77’“) ( 2 ) level (Liu, Neubert2020)
[ +n+ar(po,p))TA-1n) A da Complete NLL resummation
T(1—1n—ar(po, )DL +n) ¥ [/ (o) Blar) Gl anlitea ) )] ) (BJM2019 GN202(L;) |

b

w —a[‘(/.l,o /-l')
( ) ¢B(77+GI‘(MOaM)a,UO)
n—0

Ho

+ The tree level amplitude is proportional to 1/1;

* The QCD correction introduces the logarithmic moments
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Power expansion in effective field theory

D 0B BB o( L]

+ Heavy quark expansion b(z) = e "™V |1
Y4 P () =e [ - 2my, 4m; 8 mj m

Ll ¥

DY = DV — (v- D)o*.

+ Expand light quark field in SCET

UV =€+ Ne + Ene + e + qs = VP + B 4@ LG 4

+ Building blocks of the operators (Beneke etal 2003)

1 1
in_0 in_0’

aJ_:e AJ_C? AJ_S-; n+8,, n+As:| ?’l_a, n—Aca

M Ko WV iV po
n_,ny, g ¢ nN_pNio,
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Subleading power contributions

* Local contribution

b Aﬁ
q P AT

(p)

Contribute to right-
handed amplitude

+ Heavy quark expansion

J(AQ) 2 (fhc hc) 70: (I BT) h”” +

me

+* All the above contributions are factorizable

+ Expansion of quark propagator

—L..

p— K 1y [ kp Ko 1 ﬁ}

-pwE—l_ﬁ.-pw—l_ﬁ-pE

(p—Fk)? w2

+ Higher twist LCDA

: < AVAVAVAV
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The strange quark mass term

» The mass term Tf;;gNLP = [—ie,my(v)my f5, mp,] (gt —icks)] / duw ¢p(w, 1)
0

» End point behavior ¢} (w) ~w, ¢p(w) ~1 as w — 0

» End point singularity and parameterization

e e

[q.sB(o 1) X + /d 051 = 050 “)] [ et

uv W

NLP o
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The quark mass term: dispersion approach

PRD106, 094038(2022)
» Start from the correlation function with Off-shell photon

Frs = fy T n-q/“ Op, (W — _fy s A /ws TAC +/m O,
7,NLP BSmBSnJﬂ o w—n_k) BmB n.k w—n_k) we W—n_k)

» Quark hadron duality: physical cutoff / |

. fVmV n+k 1 /00 Phad(w’)
Foop + Eifigp + FSer, = Ti(q°) +Ta2(q”)| += ’
7LP + 7.NLP + 7 NLP m% — k2 mpy, l(q ) + 2(q ) + 7)o, dw @ —n_k—i0

» Below threshold: expressed in terms of form factors
above threshold: physical photon limit

- _ 2 _ / — /
Spmpmg (m w; m; — mp @ o b= (w
F;’T&Lpz_QfB-fz b { g‘/ exp( ¢ i )qbg(w’)dm’-l—/ ¢B(, )da)"}
mp my, Jo mpg @y PR
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The resolved photon contribution

b P Ay Lo —
Soft contribution (Khodjamirian1997)
. z? ~ 1/A\?
q A'EIII

(g)

Ty s = 27(0) [ A ¢ 0T {J5" (2), 4(0)0 0 P'b(0)} 1By(p + )] oy

+p < qae [,

- 1 Wy = 2 _ . f 1 -
Fq?:}g’NLP = my(v) L ] dw’ [_n q exp (mv A hee ) - _,] Im, Fr (7 - g, ')
0
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The long distance penguin Q. Qin etc., 2207.02691

® The soft photon emission from quark g .
loop b
q
q < Y

® Power counting of charm quark mass: AQCD K m.~my or AQCD K m, K my
m§ ~ mbAQCD: Anti-hard-collinear

4 cmis Y
® Integrate out the charm quark: M(g+b—q+7) =i \%F 945 3 Vpbqu{
p=u,c

(G- 3 ) @ [P 1146 3 Qu [Pz~ 1

+{ (e ) +16 (G- 5 )] @t -1}
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The long distance penguin

® [ntegrate out hard-collinear light quark field: nonlocal operator with two light-cone direction
® A novel soft function

(0/(7sSn) (11n) (ST S5)(0) (SL gs G 87)(727) 7Y yivH s (Skhy ) (0)|B.)

— sz(#) mp / dwq / dwz exp [—i(w1T1 + waT2)| Pg(wi,ws, 1),
0 0

® Normalization / dwr B¢ (wi,wa, 1) = / dun ®a(wr,wa, p) NOT LCDA!
0 0 .
o S The RG evolution can change
/0 dwz Ba (w1, w2, 1) = /.3 dwr ®5(wi,€2:1) tha sign of the argument
b > b+ Ay
/ dw; / dws Pa(wi,wa, p) = ———+,
0 0 3

® The amplitude is factorizable

® Canto be generalized to B - K(K")I*I™,K*y
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® There exists cancellation between different type of NLP contribution, the
overall correction is about 10%-20%

® The /1B dependence of the NLP contribution is quite different from LP one.
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Numerical result for strange quark mass effect

0.8l ___:IEQNLP
0.6} — A
0.4... S . _jfb‘[\-bp

—ms,NLP

A

— HT NLP

A

— WA NLP

— AL

® The quark mass contribution can enhance the branching ratio over 6%

2023/4/21

Central Total Error
Contributions value error from Ap_
Leading power(LP) 3.87 o o
LP 4 NLP 3.25 R 080
LP + NLP + quark mass 3.49 +221 iy
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® The charm loop contribution is highly suppressed

® This effect enhances mixing induced CP violation about 30%, but
has negligible impact on other observables
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The ratio of inverse moment

BR(BS — 77) TBs

3 2
_ > [ mp, /B, ()\Bd)Q 1—y3 _|_0(A a)
BR(Ba —vy) 7B, mp, /B, AB, 1— 2 my’

Ag,\2 A
:33.80( Bd) —I—O(—,as) .
my

® The theoretical uncertainty is less than 5%-10%
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Thanks for your attention.
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