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Motivations
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: _ S 2 2 o Mpltty My
» Why leptonic B decays ? BB~ = 7vp) = 15Grf5| V| -
V; m3

— Direct determination of the CKM element |V, |
— Chirality-suppressed in the SM — powerful probe of (pseudo) scalar new physics

— Testing flavor universality in charged current : Belle Il will measurethe £ = 7, u
channels at 5 — 7 % (st i physics Bookl. FCC-e€ prospects are promising.

» Why QED corrections are needed?

— Pure hadronic effects are simple and well-understood:
(Olgrysb|B,(p)) = ifg p*
and quis known with O(1%) precision : qu = 189.4 £ 1.4 MevV muaumicirzons)

— In the exclusive channel, with strong cuts on additional soft radiations, QED corrections can
be sizable and compete with QCD uncertainties — need a precise estimation
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A multi-scale process

» Focusing on £ = u case, including QED effects introduce new scales (both static and dynamic)

to which B~ — u~v, is sensitive :

A
+ my
+ my
+ Hne = \/AQCDmB
T m,u ~ AQCD
T Hus = Eo Static scales dictated by the energy cut on the
m, additional final radiation
Hyse ~ Eg—
B
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A multi-scale process

» Focusing on £ = u case, including QED effects introduce new scales (both static and dynamic)

to which B~ — u~v, is sensitive :

A
—— m
W b (
T "B >g< i >g< S;E
u 174
1 Hne =/ Nocpm . . _ _
he CCD™B B.meson described as a superposition of Fock-states: |ib) @ |itbg) @ ---
[Beneke et al(2019),JHEP10232]
—FE B-meson described as a point-like pseudo-scalar boson...

T Hus = Lo J

m,, ’

Hyse ™ EO_ B [Dai et al (2022), Phys.Rev.D 105 3]
meg ,
...including its first vector excited state as off-shell intermediate propagator !
(8
/ 14
B [Becirevic et al (0907.1845) |
B*
v
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The plan : running down with the scale !

Turning a multi-scale problem to a product of single scale objects by :
» Identifying the appropriate effective description at each scale.
» Performing a step-by-step matching between each EFT.

» Deriving a factorization theorem to break this multi-scale problem into a

convolution of single-scale objects.

» Using the renormalisation group to evaluate each object at its natural scale and
run it to a common scale to resum logarithms.
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The plan : running down with the scale !

Turning a multi-scale problem to a product of single scale objects by :
» Identifying the appropriate effective description at each scale.
» Performing a step-by-step matching between each EFT.

» Deriving a factorization theorem to break this multi-scale problem into a

convolution of single-scale objects.

» Using the renormalisation group to evaluate each object at its natural scale and
run it to a common scale to resum logarithms.

In this talk we are going to embark on an EFT journey :
» Discussing the (re)factorization of the virtual amplitude in the partonic picture.
» Constructing the proper EFT valid at low energy to include the real emissions.

» Deriving the factorization formula for the decay rate.
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Fermi theory — HQET & SCET; U~ mp

m,  Nocp

Power counting: A =
mp mpg

Relevant scalings: p* =@ -p,n-p,p,)

p ~ (1,4%,2) « collinear »,
p*~m2~ 0%

— given by the lepton virtuality

p~ (L/L\/z) « hard-collinear »,

p2 ~ mymy, ~ O(4)

— soft and collinear quark X-talk

p~ (xl,/l,i) « soft »,
P>~ Noep ~ O

— given by the spectator quark virtuality
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Fermi theory — HQET & SCET; U~ mp

» The b quark is described by a soft HQET field : Power counting: A = —% ~ Agcp
mp mpg
b(x) — e~ mplv) (1 + @(\/’_1)> h,(x) Relevant scalings: p* = (in-p,n-p,p,)

p ~ (1,4%,2) « collinear »,
p*~m2~ 0%

— given by the lepton virtuality

p~ (L/L\/z) « hard-collinear »,

p2 ~ mymy, ~ O(4)

— soft and collinear quark X-talk

p~ (xl,/l,i) « soft »,
P>~ Noep ~ O

— given by the spectator quark virtuality
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Fermi theory — HQET & SCET;

» The b quark is described by a soft HQET field :

b(x) — e~ (1 + @(ﬂ)) h,(x)

» QED corrections — hard-collinear momentum
exchange between partons & lepton.

— need a SCET; subleading power description for the

different modes of the spectator and the lepton :

g - [ 1+ ! (i]/))i ED00+ 1+ ! eQ A A
in-D, 2 ]7°C in-D, 12

N

N

£(x) 1+ ! (D + )'1 ED00)+| 1+ ! QO A i
X) — l m,)— X e —
in-D, 72 )¢ in-D, 9 2

@ PRiSMA* 1tp Max Ferré

H ~ Mg

. mge AQCD
Power counting: A = ~
mpg mpg

Relevant scalings: p* =@ -p,n-p,p,)

p ~ (1,4%,2) « collinear »,
p*~m2~ 0%

— given by the lepton virtuality

p~ (1,/1,\/1) « hard-collinear »,

p2 ~ mymy, ~ O(4)

— soft and collinear quark X-talk

p~ (ﬂ,/l,ﬂ) « soft »,
P>~ Noep ~ O

— given by the spectator quark virtuality
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SCET; operators

We build our SCET; basis with the following power counting :

hy.qo~ 0077 ye~ 00"  de~00"%) x.~0Q) dr~0Q) y:~ O0Q)

At O(ax), three classes of 4-fermions operators are relevant:

~
[A] (q,...) (Ve -xz)

J

~

~

_J
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SCET; — SCET; K~ Hpe ™ \/ Agcpip

» At i ~ ., we lower the virtuality removing hard-collinear modes — pure SCETj; construction
where collinear and soft carry the same virtuality :

pe~ (LA%4),  po~ (LA4), pi~pl~0Q%

» Integrating out hard-collinear propagators introduces non-localities even in soft product :

L () ()

— Contains more fields but are of the same order !

» Contrary to the B, — p" ™ case, those structure-dependent contributions to B~ — WU, carry

the same suppression as the tree level result and do not overcome the chiral suppression.
[Beneke, Bobeth, Szafron 2017, 2019]
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SCET/; basis

» Starting from our SCET; operators, we can construct our SCETj; basis :

(o] [(B] )

\ _ \_ Y, _ Y,
-
|B) = | iib) D |ibg) @ -
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Refactorization

» The matrix element of B-type SCET Il operators involve an endpoint-divergent integral— the theory

fails to properly separate hard-collinear modes with low energy (hard-collinear fractionv — 0)
from soft modes.

» This region can be identified with the energetic limit of the soft region — we rearrange terms
between the two (RBS scheme) [Liu, Neubert 2019; Liu, Mecaj, Neubert, Wang 2020; Beneke et al. 2022]
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Refactorization

» The matrix element of B-type SCET Il operators involve an endpoint-divergent integral— the theory

fails to properly separate hard-collinear modes with low energy (hard-collinear fractionv — 0)
from soft modes.

» This region can be identified with the energetic limit of the soft region — we rearrange terms
between the two (RBS scheme) [Liu, Neubert 2019; Liu, Mecaj, Neubert, Wang 2020; Beneke et al. 2022]

0 < ry, =A/mg < 1:Arbitrary scale
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Refactorization

» The matrix element of B-type SCET Il operators involve an endpoint-divergent integral— the theory

fails to properly separate hard-collinear modes with low energy (hard-collinear fractionv — 0)
from soft modes.

» This region can be identified with the energetic limit of the soft region — we rearrange terms
between the two (RBS scheme) [Liu, Neubert 2019; Liu, Mecaj, Neubert, Wang 2020; Beneke et al. 2022]

0 < ry=A/mgz < 1:Arbitrary scale

( )
[[jBl]](Va , A) — jB](v’ 0)) _ e(rA _ V)éjBl(Va 6())

Jet function

L7 00 M = TR0 0,00 = 00y = 007 (0.0

- a

m?/ﬂ f 14
Soft function <0§)> = <(ﬁ 7)) (Cls ’“)LS h )( gﬂ)P )(( )>>

c

\— _J
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Refactorization

» The matrix element of B-type SCET Il operators involve an endpoint-divergent integral— the theory

fails to properly separate hard-collinear modes with low energy (hard-collinear fractionv — 0)
from soft modes.

» This region can be identified with the energetic limit of the soft region — we rearrange terms
between the two (RBS scheme) [Liu, Neubert 2019; Liu, Mecaj, Neubert, Wang 2020; Beneke et al. 2022]

0 < ry=A/mgz < 1:Arbitrary scale

g 1
~ 'V
[[fm]](V, w, \) = jB](v’ W) — ‘9(7’/\ — V)
Jet function i i
Subtraction term, singular forv — 0
—1-
| 0 N = TR0 0,0 ~ 0 =) ~ )

- a

mg b
Soft function <0§) =<m( APy )( gﬂ)P )(( )>>

— _J
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Refactorization

» The matrix element of B-type SCET Il operators involve an endpoint-divergent integral— the theory
fails to properly separate hard-collinear modes with low energy (hard-collinear fractionv — 0)

from soft modes.

» This region can be identified with the energetic limit of the soft region — we rearrange terms
between the two (RBS scheme) [Liu, Neubert 2019; Liu, Mecaj, Neubert, Wang 2020; Beneke et al. 2022]

0 < ry=A/mgz < 1:Arbitrary scale

4 —1-]
L7 pill(v, 0, A) = Fpi(v, @) =0y = V) o

Subtraction term, singular forv — 0

Jet function

—1—€
L7 5 (v, ., 00 N = F2 (0, 0, 0,) = Oy = V) ~Y
Add it back - J
( )
v
m
Soft function (0;}(1)) = <(ﬁ—;)< O(A + VAP ) <_gf)PL)(§U)>>
\_ w,

[Cornella, Konig, Neubert 2023]
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Refactorization

» The matrix element of B-type SCET Il operators involve an endpoint-divergent integral— the theory
fails to properly separate hard-collinear modes with low energy (hard-collinear fractionv — 0)

from soft modes.

» This region can be identified with the energetic limit of the soft region — we rearrange terms
between the two (RBS scheme) [Liu, Neubert 2019; Liu, Mecaj, Neubert, Wang 2020; Beneke et al. 2022]

0 < ry=A/mgz < 1:Arbitrary scale

4 —1-]
L7 pill(v, 0, A) = Fpi(v, @) =0y = V) o

Subtraction term, singular forv — 0

Jet function

—1-

[[jz[iart.(v’ w, a)g’ A)]] — j%]iart.(v, w, a)g) _ Q(FA . V) ~ Y €
Add it back \- J
( )

v
Soft function oAy — <L< O(A + it P ><‘(Z’ﬂ)P @)) x
< o > (fl . (@c) ( ) L c L)(c

New hadronic parameter !

\_ _

[Cornella, Konig, Neubert 2023]
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Factorization formula (virtual corrections)

» Taking the matrix elements of our SCET;; operators, the virtual corrections can be expressed as :

virt —

iy = HG) (050) + HO(w) (0

00 1
+[ de dv | D HO, 1) FO0,0) + Hy v, ) 17 5 (v, 0, M [(OF (@),
0 0 i=1,2

1

+ Z [ du Hgo)(u,,u) (Og)

00 00 1
+] do| do, | dvHy 0.0 L7 00,001 Ogf0. )
0
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Factorization formula (virtual corrections)

» Taking the matrix elements of our SCET;; operators, the virtual corrections can be expressed as :

virt —

iy = HG) (050) + HO(w) (0)

00 1
t] do| v | B 000 790.0)+ Hy0u) L7500, M1 [(OD@),
0 0 i=1,2

1

+ Z [ du Hgo)(u,,u) (Og)

00 00 1
+] do| do, | dvH,0.0 L7 00,001 Og.0))
0
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Factorization formula (virtual corrections)

» Taking the matrix elements of our SCET;; operators, the virtual corrections can be expressed as :

virt —

iy = HG) (050) + HO(w) (0)

00 1
+] do| v | B P00 79000+ Hyou) 17,0001 |(OD@),
0 0 i=1,2

1
+ X | du s 00)

i=1270

00 00 1
+] do| do, | dvHy0u0 17 00,001 Og.0))
0
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Factorization formula (virtual corrections)

» Taking the matrix elements of our SCET;; operators, the virtual corrections can be expressed as :

id i = Hy() K@) + HZ (1) KD ()

X

00 1
+[ dwj dv | X, HY0w) 90, @)+ Hy v, ) L7 5,00, DT | KG(w)
0 0 i=1,2

1
+ 2 [ du HY(u. j) K9, )

00 ) 1
+[ da)J do, [ dv Hy (v, 1) 170" (v, 0, 0)]| Kg(p)
0
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Generalized decay constant

» The QED corrected Of/‘\(l)operator defines a generalized decay constant :

0
zg’exp{ieQiJ dsr- }

= <o‘ O(A + )itP, ‘B‘)

I\/Mmp
2

(0] 10)

» For a — 0, F/, reduces to the standard HQET decay constant :

a,(my)

+ @(af)] = F\(my)

= Focp(my,) ,

a—

VMpfs |1+ Cr
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Generalized decay constant

» The QED corrected Of/‘\(l)operator defines a generalized decay constant :

= <o‘ O(A + )itP, ‘B‘)

0
. — = Pexp ieQiJ dsr -

= (0] 10)

» [, is an unknown non-perturbative parameter following evolution equations for A and y :

A? 2 h3(w, w,)
Fa(p) = FmB(/’t) ll — %QgQu log ﬁjda) <¢_(a))log _® +2deg : g log “ ) + ]

B w+/my w}? o + o,
two-particle LCDA three-particle LCDA

F, (W) =F, <mb>[1+—QfQ log? - ]
b

» Need to be computed at a single value of A and u. Lattice determination ? QCD SR estimate ?
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Low-energy theory : bHLET @ HSET # < Agep ~m,

»Below y1 ~ AQCD, quarks hadronize and the meson can be described by a charged scalar of
mass mg. We can describe it with a heavy scalar (HS) :

—img(v-x)

Dp(x) = ——¢, (%)
Mg

»Since Agcp ~ M, also the muon becomes infinitely heavy.
We describe it as a boosted heavy lepton field (bHL) :

n [Fleming et al (hep-ph/0703207);
n-Ve _im (v,X) Beneke et al (2305.06401)]
K(X) —> Te NS4 hvf(x)

» We match the resulting low energy EFT by taking the hadronic matrix element :

(V| ZSCET, oHQET | B) = (V| LpHLEToHSET | B)

PP - KK

1tp Max Ferré QED corrections to exclusive leptonic B decays 05.12.2024
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A theory of Wilson lines ?

AN
4 my
» We can decouple the interactions of the B and the muon with ultrasoft and 0
ultrasoft-collinear photons : T °
it
9, x) = VP00 CP(x,) px) h, (x) = YO )C () hO(x) 1 e =+/NocpMs

0 0
Y,{i)(x) = @exp{ieQiJ dsr- AL“(X + ST’)} C}gi)(x) — @exp{ieQi‘ dsr - Ausc(x + s}/’)} - I7"l/{ ~ AQCD

T Hus = EO
~ E M
. . . T [ Husc 0
» Real corrections can be expressed as matrix elements of these Wilson mpg
lines, convoluted with the measurement function implementing the v
. L ultra-soft photon to the

(6 9) (6 9) E
S(EO’ M) — J da)SJ da) 9(7 o a) MSC) (a)uS" //l) I/lSC(a)MSC’ //t)

0 0
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Factorization formula...

» Using this framework, we can write the factorization formula for B~ — ;4_17” at

the level of the decay rate.

» Real emissions are factorized at the level of the decay rate . Ultrasoft/ultrasoft-
collinear logarithms can be resummed in Laplace space ( ~ ©O(10%) corrections).

» The virtual corrections already factorize at the amplitude level and appear as an
effective Yukawa coupling containing the hard/hard-collinear logarithms (which
could be resummed but lead to a ~ O(1%) correction).

@ PRiSMA*
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Factorization formula...

» Using this framework, we can write the factorization formula for B~ — ;4_17” at

the level of the decay rate.

» Real emissions are factorized at the level of the decay rate . Ultrasoft/ultrasoft-
collinear logarithms can be resummed in Laplace space ( ~ ©O(10%) corrections).

» The virtual corrections already factorize at the amplitude level and appear as an
effective Yukawa coupling containing the hard/hard-collinear logarithms (which
could be resummed but lead to a ~ O(1%) correction).

T =Ty |ys(u) > S(Ey 1)
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Factorization formula...

» Using this framework, we can write the factorization formula for B~ — ;4_17” at

the level of the decay rate.

» Real emissions are factorized at the level of the decay rate . Ultrasoft/ultrasoft-
collinear logarithms can be resummed in Laplace space ( ~ ©O(10%) corrections).

» The virtual corrections already factorize at the amplitude level and appear as an
effective Yukawa coupling containing the hard/hard-collinear logarithms (which
could be resummed but lead to a ~ O(1%) correction).

T =Ty |ys(u) > S(Ey 1)

e
Non-radiative

ye(p) = Cp(p) X H(p) X 7 (1) X K(pu) X
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Factorization formula...

» Using this framework, we can write the factorization formula for B~ — ;4_17” at

the level of the decay rate.

» Real emissions are factorized at the level of the decay rate . Ultrasoft/ultrasoft-
collinear logarithms can be resummed in Laplace space ( ~ ©O(10%) corrections).

» The virtual corrections already factorize at the amplitude level and appear as an
effective Yukawa coupling containing the hard/hard-collinear logarithms (which
could be resummed but lead to a ~ O(1%) correction).

T =Ty |ys(u) > S(Ey 1)

e’

Non-radiative Radiative

yp() = Cr(p) X H(p) X 7 (1) X K(p) X
S(anﬂ) — WMS(EO,//!) 0% WMSC(an H)
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...incomplete !

» Below AQCD , the initial B meson can emit a photon and transition into an excited state X :
[Becirevic et al (0907.1845) ]

4 ¢
1

mBEO — 5)2(

B

X
v

» For £y S AQCD, only the B* needs to be included (heavy-spin symmetry), contributions from

higher states being power-suppressed — Pole-dominance approximation

)
My —m ,

53 = X~ <, 53, ~ O(1%) 52,82, ~ O(L)
2mB 1 2
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...incomplete !

» Below AQCD , the initial B meson can emit a photon and transition into an excited state X :
[Becirevic et al (0907.1845) ]

» For £y S AQCD, only the B* needs to be included (heavy-spin symmetry), contributions from

higher states being power-suppressed — Pole-dominance approximation

mg — m3
52 = % S E, 52, ~ O(A?) 53 03 ~ O(A)
B . ‘e
» The B — B*y interaction carries the same power
suppression as the effective Yukawa. B
14

» gpp+ IS unobserved, has to be estimated by a mixture of QCD sum rules, quark
models and lattice QCD.
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Factorization formula.... now complete !

[ =Ty 1yg(e) I SE, )+ 15 1 Spu(E))
" b ==

Non-radiative Radiative Structure-dependent radiative corrections
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Factorization formula.... now complete !

[ =Ty 1yg(e) I SE, )+ 15 1 Spu(E))
" b ==

Non-radiative Radiative Structure-dependent radiative corrections

» Virtual QED correction breaks the heavy-spin symmetry for the effective Yukawa couplings :

We choose A = my

yg(m,) = 6.30- 107 (1 £0.05,, + 0.02; +0.01.),

F,, (my) = (1.00 £0.02) - Foep(my,).
yge(my) = 6.69 - 107 (1 £0.05,, * 0.06;.)

Conservative assumption !
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Factorization formula.... now complete !

[ =Ty 1yg(e) I SE, )+ 15 1 Spu(E))
" b ==

Non-radiative Radiative Structure-dependent radiative corrections

» Virtual QED correction breaks the heavy-spin symmetry for the effective Yukawa couplings :

We choose A = my

yg(m,) = 6.30- 107 (1 £0.05,, + 0.02; +0.01.),

F,, (my) = (1.00 £0.02) - Foep(my,).
yge(my) = 6.69 - 107 (1 £0.05,, * 0.06;.)

Conservative assumption !

» We get an estimation of the branching ratio for various values of E;,””“x = FE,/2:

BB~ — /,t_Dﬂ)

= 4.00- 107 (1£009,, £0.04, +001,)
Ema=25MeV L mp B

BB~ — 1D,

=4.16-107 (1009, %0.04, +0.01,+0.01, )
Epax=100 MeV ” > ’ BB
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Factorization formula.... now complete !

[ =Ty 1yg(e) I SE, )+ 15 1 Spu(E))
" b ==

Non-radiative Radiative Structure-dependent radiative corrections

» Virtual QED correction breaks the heavy-spin symmetry for the effective Yukawa couplings :

We choose A = my

yg(m,) = 6.30- 107 (1 £0.05,, + 0.02; +0.01.),

F,, (my) = (1.00 £0.02) - Foep(my,).
yge(my) = 6.69 - 107 (1 £0.05,, * 0.06;.)

Conservative assumption !

» We get an estimation of the branching ratio for various values of E;,””“x = FE,/2:

BB~ — /,t_Dﬂ)

= 4.00- 107 (1£009,, £0.04, +001,)
Ema=25MeV L mp B

BB~ — 1D,

—4.16- 1077 (1 +0.09, +0.04. +0.01, £0.01 )
E}r,nale()() MGV Vub FmB fB gBB
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Precision for the extraction of V ,
B = Bo(|ys(0) |” SE, ) + |y |* Spa(Ey) )

BB~ —> uuv,) _ ,
SRB(B~ — ﬂ_’;ﬂ) — - W 1 FmB(mb) = (1.00 £0.02) FQCD(mb).
‘%O(B = §D,) Conservative assumption !
0.30 prevrrreepreserr e e e e e e e e
[ — Point-like theory
. 0.20 [~ — Our result (B only) ]
N [ — Ourresult (B and B¥) E, my
| 3 S(Eg, ) ~ log —> log
= 0.10_ My My
T L
i 2
& /// -
23 ) . . i
—0.10F Preliminary 1
_ 0 ........ [FRPPT TP TP I Lo [ L Ly |

2
0 20 40 60 80 100 120 140 160 180 200
EM™MeV] (= E,/2)
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Conclusions

» The exclusive leptonic decay B~ — u~U,, is an important channel for test of physics in

SM and beyond. Since future experimental accuracy calls for percent precision in the
theory prediction, QED corrections are needed.

» On top of large logarithms of lepton mass and photon cuts, we find (single logarithmic)
structure-dependent effects in the virtual & real corrections:

— virtual: hard-collinear photons between the lepton and light spectator quark
— real: B* contribution; gets more important for a looser cut.

» These corrections introduce new uncertainties: they probe the inner structure of the B
meson & introduce new hadronic parameters. Could F, be computed on the lattice ?
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Belle Il projections
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Figure 1: Projection of uncertainties on the branching fractions B(B* — u* + v,) and B(BT —
Tt + v;). The corresponding uncertainty on the experimental value of |V,;| is shown on the right-
hand vertical axis.
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SCET/; basis [: R j

» Starting from our SCET; operators, we can construct our SCET;; basis :

g (] [B]

h__ M Op 0] 0V(w) = —~ 70
o = an ) R e = (o i )57

055) — mf( Py )( )(gf)P ){éy)> 05)(W) = mbp< Py )( ZEK)PLZ§U)>
\_
4 1
Oé;)(u, W) = 7
. c)
[€]
Oy, @) = ( Py )(
\
- )
(D] 0.9 =m (2
. J
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Virtual amplitude at NLO QED

D i = V2 Gr Ken(m)V, Z_Z\/m_B EAW(pP, v(p) Y, AL,

J
My (1) = 1+— 0?2 ——ln——2 o my
2 2
F(R) == 1og2”R + 2 _2Liy(1—R)—1log?R + 1
1 P m[% 12

1 m2 2 3 2
_Q;,% 2+log— ——10g2'u—2+—10g—'u2——ﬂ +2

[ u? 1 u?
+0,0, | = log—+1+1ogR | —f(R) + =Rf'(R) — log —
R m3 2 m2
i 2 ) 2 2 2 2
A A
+0,0, | -5 - 2log”—2+J do ¢_(@)| 1og ——Tog = —2log—E— +log— —6-Z
B nz 0 w mBA m% (0 mBA mp 3
C 3 2
e _Elnﬂ_z_zl,
T mb
\_ - ),

a A
M3 (p) = — = Q.0 (1 + log m_) X
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Coft Wilson-lines cancellation

» One can also define F/, using time-like Wilson-lines :

{0

g.O(A + )itP S\)h,

5)

I\/Mg
B) ()t
2 015P507[0)

» Those time-like WL can be splitted between soft and soft-collinear (coft) contributions :

S(x) = CP(x,) = CO(x)C@(x,) SV(x) = Ci(x)
» After soft-collinear decoupling, h, = Cg’) , g — C](;])

contributions from the coft Wilson-lines cancel in the ratio :

<o‘ (A + )ilP, ‘B‘>

I\/mp
2

(O] 10)
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A theory of Wilson lines ? N

0 0 My
YO(x) = @exp{ieQiJ dsr-A,(x+ sr)} CO(x) = @exp{ ieQiJ dsr-A, (x+ sr)}

- - 4 my
» We can decouple the interactions of the B and the muon with ultrasoft and

ultrasoft-collinear photons : _
P 4 Hne =/ Nocpp

@, (x) = VP CH(x,) @) x) h,,(x) = YV (x)C (%) ﬂho(X)

m, ~ A
. . . l CcD
» The real corrections can be expressed as matrix elements of these Wilson ' 0

lines : T s =L
- m
(6] nus 1 //t ~ E _/’{
Wi@p) = | X demq,] [CRACH] (B)YW)IO>‘ 5w, — 4% L“—Zqo, ( OmB)
| n,,=0 i=1

0 Mysc 2 Soft photon to the muon
Z I I B) ~1(¢ sc 2 : .
vvusc(wm'c’ M) = Jdnj(qj) | <nuscyu.5‘c(qj) | C,(i )Cv/(/ ) | 0> ‘ 6(Wusc - (L)t . ’ Q(L)‘ = qoj boosted in the B frame
L1,5=0 j=1 J

» These radiative functions are convoluted with the measurement function implementing the
experimental radiation veto

(0 0] (0 0] E
S(an,“) - [ dws[ da) 9(7 ~ us usC> us(a)us’:”) usc(a)usc’:u)
0 0
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First pole dominance

» This structure-dependent correction can be implemented at the level of the

radiative hadronic matrix element (y | | B) , where in the quark picture:

U
JA/V
JY = qrtysb J = Gr'b

» In the ultrasoft/ultrasoft-collinear region for the photon, it is reasonable to
assume first pole dominance for both matrix elements:  [Becirevicetal (0907.1845) ]

~ 8BB* ™ &BBy
L1 B*\(B*| B 0|J4|B){B;|B
<y|J”|B>z<O|JV| B*|By) | <y|JZ|B>2< IAI2 1><21 ",
Y q%> — m3. q- — mg

» Below AQCD, qguark currents can be replaced by effective hadronic currents

involving meson fields:

Wy JE = £ DH s £ VH N [ - Y
Ty = Jhaan = I8P O + img, fp V] Ty = Jay = MpefpsVe
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