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Motivations

» Light-cone distribution amplitudes (LCDAs) :
— Universal key ingredient to parameterize non-perturbative dynamics in exclusive B decays !

» Describe long-distance dynamics at large recoil for exclusive decays (QCDF, LCSRs) :

— Soft momentum distribution for light quark and gluons inside the B-meson along a single
light-cone direction (n*), b quark described via HQET

— Studied extensively over the past decades and classified using twist counting
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MOtiVatiOnS ( for gauge invariance! )

» Light-cone distribution amplitudes (LCDAs) :

— Universal key ingredient to parameterize non-perturbative dynamics in exclusive B decays !
» Describe long-distance dynamics at large recoil for exclusive decays (QCDF, LCSRs) :

— Soft momentum distribution for light quark and gluons inside the B-meson along a single
light-cone direction (n*), b quark described via HQET

— Studied extensively over the past decades and classified using twist counting

hV
. v a Two-particle LCDAs : ¢p2(w; u), p* h

% dw iz _
~ J P (0] T h,(0)|B(»v))
q \_ ),

n [Grozin, Neubert 97], [Beneke, Feldman 01], [Lange, Neubert,03],...
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MOtiVatiOnS ( for gauge invariance! )

» Light-cone distribution amplitudes (LCDAs) :
— Universal key ingredient to parameterize non-perturbative dynamics in exclusive B decays !

» Describe long-distance dynamics at large recoil for exclusive decays (QCDF, LCSRs) :

— Soft momentum distribution for light quark and gluons inside the B-meson along a single
light-cone direction (n*), b quark described via HQET

— Studied extensively over the past decades and classified using twist counting

. v a Two-particle LCDAs : ¢p2(w; u), p* h

% da) lwz D
~ J P (0] T h,(0)|B(»v))
q \_ ),

n [Grozin, Neubert 97], [Beneke, Feldman 01], [Lange, Neubert,03],...

g B B . B 4B A
Three-particle LCDASs : b3 (@y, o ), g Wi Ps s -

% do, dw, :
~ | — = = pil@iztay2) () I'h (0)|B
J 2 2w ‘ < | ad (V)Z

[Kawamura, Kodaira,et al. 01], [Geyder,Witzel, 05], [Braun, Ji, et al. 17],...
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Motivations

Why/When do we need a generalization to multi-light-cone functions ?

— |n various processes involving multiple energetic directions !
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Motivations

Why/When do we need a generalization to multi-light-cone functions ?

— |n various processes involving multiple energetic directions !

» (QED) Two-particle DLCDAs :

_ QED corrections to B, — p " u~ [Beneke, Bobeth, et al. 19]
— QED factorization of non-leptonic B — MM, decays [Beneke, Boer, et al. 20, 22]
_ QED corrections to B — ,u_yﬂ [Cornella, Ferré, et al. 26]
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Motivations

Why/When do we need a generalization to multi-light-cone functions ?

— |n various processes involving multiple energetic directions !

» (QED) Two-particle DLCDAs :

_ QED corrections to B, — p " u~ [Beneke, Bobeth, et al. 19]
— QED factorization of non-leptonic B — MM, decays [Beneke, Boer, et al. 20, 22]
_ QED corrections to B — ,u_yﬂ [Cornella, Ferré, et al. 26]

» (QCD) Three-particle DLCDAs :

— Charm loop contributions in rare B; ; — yy decays,... [Qin, Shen, et al. 23]

— ..,and B > KW¢g=¢+1 [To be done !111]

— Subleading shape function in inclusive B — X ;yand B — X.£T¢~  [Bartocci, Boer, et al. 24]
_ Soft-gluon contribution to BY — Dz~ and B — D*K~ [Piscopo, Rusov 23]

_ Non-factorizable contribution to rare A, > AZ¢~ [Feldmann, Gubernari 24]
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Motivations

Why/When do we need a generalization to multi-light-cone functions ?

— |n various processes involving multiple energetic directions !

» (QED) Two-particle DLCDAs :

_ QED corrections to B, — p " u~ [Beneke, Bobeth, et al. 19]
— QED factorization of non-leptonic B — MM, decays [Beneke, Boer, et al. 20, 22]
_ QED corrections to B — ,u_yﬂ [Cornella, Ferré, et al. 26]

» (QCD) Three-particle DLCDAs :

— Charm loop contributions in rare B; ; — yy decays,... [Qin, Shen, et al. 23]

— ..,and B > KW¢g=¢+1 [To be done !111]

— Subleading shape function in inclusive B — X ;yand B — X.£T¢~  [Bartocci, Boer, et al. 24]
_ Soft-gluon contribution to BY — Dz~ and B — D*K~ [Piscopo, Rusov 23]

_ Non-factorizable contribution to rare A, > AZ¢~ [Feldmann, Gubernari 24]

» (QCD) Four- and five-particle DLCDAs :

— Weak annihilation amplitudes [B&er, Neubert et al. ...]
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Motivations

Why/When do we need a generalization to multi-light-cone functions ?

— |n various processes involving multiple energetic directions !

» (QED) Two-particle DLCDAs :

_ QED corrections to B, — p " u~ [Beneke, Bobeth, et al. 19]
— QED factorization of non-leptonic B — MM, decays [Beneke, BGer, et al. 20, 22]

_ QED corrections to B — ,u_yﬂ Th |S ta I k ! [Cornella, Ferré, et al. 26]
c(QCD) Three-particle DLCDAs : x
— Charm loop contributions in rare Bd,s — yy decays,... [Qin, Shen, et al. 23]

— ..,and B > KW¢g=¢+1 [To be done 1111]
— Subleading shape function in inclusive B — X ;yand B — X.£T¢~  [Bartocci, Boer, et al. 24]

\ _ Soft-gluon contribution to BY — Dz~ and B — D*K~ [Piscopo, Rusov 23] )
— Non-factorizable contribution to rare A, > A+~ [Feldmann, Gubernari 24]

» (QCD) Four- and five-particle DLCDAs :

— Weak annihilation amplitudes [B&er, Neubert et al. ...]

@ PRiISMAt+ 1tp Max Ferré (they/them) B-meson Di-Light-Cone Distribution Amplitudes 09.07.2026



The plan : discovering those new DAs !

Goal : Systematic study of three-particle DLCDAs

» Classification of the three-particle DLCDAs
» Models and constraints

» Radiative tail implementation
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@ PRISMA™™

Classification
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Definition

» Three-particle B-meson DLCDAs parameterises the trilocal hadronic matrix elements :

(0] [0,2,1] §G,, (2571) [2,71,0]1 T 1,(0) | B(v) )
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Definition

» Three-particle B-meson DLCDAs parameterises the trilocal hadronic matrix elements :

(0] 0,2,71] 8G,, (2,71) [2,71,0] T 1, (0) | B(v) )

» Effective heavy-quark — static color source with velocity v/
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Definition

» Three-particle B-meson DLCDAs parameterises the trilocal hadronic matrix elements :

(0] 0,2,1] §G,, (251) [2,71,0]1 T 1,(0) | B(v) )

|
S
(\]
|
o
S|
|
[\

» Effective heavy-quark — static color source with velocity v/

» The spectator quark and the gluon are displaced along two opposite light-cone

directions by z; and 2z,
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Definition

» Three-particle B-meson DLCDAs parameterises the trilocal hadronic matrix elements :

(0] [0,5,7) §G,,,(2,71) [2,,0] T h,(0) | B(v) )

|
S
(\]
|
o
S|
|
[\

» Effective heavy-quark — static color source with velocity v/

» The spectator quark and the gluon are displaced along two opposite light-cone

directions by z; and 2z,

» Non-local fields are dressed with (implicit) gauge-link factor — gauge invariance
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Definition

» Three-particle B-meson DLCDAs parameterises the trilocal hadronic matrix elements :

(0] 0,2,1] §G,, (2,71) [2,71,0] T 11, (0) | B(v) )

|
S
(\]
|
o
S|
|
[\

» Effective heavy-quark — static color source with velocity v/

» The spectator quark and the gluon are displaced along two opposite light-cone

directions by z; and 2z,

» Non-local fields are dressed with (implicit) gauge-link factor — gauge invariance

» [ spans the basis of Dirac matrices — defines linear combinaisons of DLCDAs
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Parameterization of the DLCDAs

» DLCDAs basis : derived from the general decomposition the matrix elements for

I = ¥5Y )0 and imposing the Chilshom identity  [Geyderwitzel, 05]
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Parameterization of the DLCDAs

» DLCDAs basis : derived from the general decomposition the matrix elements for

I = ¥5Y )0 and imposing the Chilshom identity  [Geyderwitzel, 05]

» Like the single light-cone case , we find a basis of 8 independent DLCDAS : [Braun, Ji, etal. 17]

( (0] G, (5,)Th,(0)| B(v)) = \

1
+5 k() Tr{ vsL P, [('Wv - ’Wﬂ> Yt (ﬁﬂy” - ﬁ”y”> g

P, i=— +1 Cuvap na}/ﬁyS Y, + ie,uvaﬁ ﬁa}/ﬂyS Yy
+(n,u7/1/ o nyy,u) /i Zx + (ﬁ/ﬂ/y o ﬁyyﬂ)ﬂ Zy

K —t Cuvap naﬁﬂyS Xxy a <n/«tﬁl/ B nl/ﬁ,u> i ny] }( SR j
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Parameterization of the DLCDAs

» DLCDAs basis : derived from the general decomposition the matrix elements for

I = ¥5Y )0 and imposing the Chilshom identity  [Geyderwitzel, 05]

» Like the single light-cone case , we find a basis of 8 independent DLCDAS : [Braun, Ji, etal. 17]

( (0] G, (5,)Th,(0)| B(v)) = \

1
+5 k() Tr{ vsL P, [('Wv - ’Wﬂ> Vet (ﬁﬂy” - ﬁ”y”> h

P, i=— +1 Cuvap na}/ﬁyS Y, +1i Cuvap ﬁa}/ﬂyS Y
+(n,u7/1/ o nyy,u) /i Zx + (ﬁ/ﬂ/y o ﬁyyﬂ)ﬂ Zy

K —t Cuvap naﬁﬂyS Xxy a <n/«tﬁl/ B nl/ﬁ,u> i WXY] }( SR j
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Parameterization of the DLCDAs

» DLCDAs basis : derived from the general decomposition the matrix elements for

I = ¥5Y )0 and imposing the Chilshom identity  [Geyderwitzel, 05]

» Like the single light-cone case , we find a basis of 8 independent DLCDAS : [Braun, Ji, etal. 17]

( (0] G, (5,)Th,(0)| B(v)) = \

1
+5 k() Tr{ vsL P, [('Wv - ’Wﬂ> Vet (ﬁﬂy” - ﬁ”y”> h

B +1 Cuvap a},ﬂ},S Y s l €uvap ﬁa}/ﬂyS Y
+(n,u7/1/ o nyy,u) /i Zx + (ﬁ/ﬂ/y o ﬁyyﬂ)ﬂ Zy

K —t Cuvap naﬁﬂyS Xxy a <n/«tﬁl/ B nl/ﬁ,u> i WXY] }( SR j

» This analysis can be generalized for two arbitrary light-cone vector x*, y*

— 27 independent generalised DLCDAs D (v - x, v + y, X + ) (still holds for +°, y* # 0)
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Twist counting

» One can construct DLCDAs of definite (anti)-collinear twist [Braun, Ji, et al. 17]

— classification following the SCET power-counting rules

» Light-quark have leading and subleading projections
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d : Dimension

TWiSt cou nting T=d~—s s : Spin projection on the light-cone

» One can construct DLCDAs of definite (anti)-collinear twist [Braun, Ji, et al. 17]

— classification following the SCET power-counting rules

» Light-quark have leading and subleading projections

it il -
1 »(0)
1

4
T, =72 7, = 1 (convention)

T, = 7
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d : Dimension

TWiSt cou nting T=d~—s s : Spin projection on the light-cone

» One can construct DLCDAs of definite (anti)-collinear twist [Braun, Ji, et al. 17]

— classification following the SCET power-counting rules

» Light-quark have leading and subleading projections

i il 1O
4 4 V( )
;=1 T, =2 7, = 1 (convention)
» Similar for the gluon field-strenght tensor
G, (z,0) n'G, (1), G, , (20) G, (217)
TG = 1 TG = 2 TG = 3
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d : Dimension

TWiSt cou nting T=d—s s : Spin projection on the light-cone

» One can construct DLCDAs of definite (anti)-collinear twist [Braun, Ji, et al. 17]

— classification following the SCET power-counting rules

» Light-quark have leading and subleading projections

i il P
4 4 v( )
;=1 T, =2 7, = 1 (convention)
» Similar for the gluon field-strenght tensor
G, (z,1) n'G, (1), G, , (20) G, (217)
TG = 1 TG = 2 TG = 3
» At twist three, we find a single operator
2mpF (1) (Dé (215205 4) = (0] n°gG, (z,n) 7/175 h,(0) | B(v))

UM =2(Y, - Y,)
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Twist counting

» Followed by 3 twist four operators

(2mg o) DU 250 = 01 208G (o) 775 h(0) | BW)),
2mpFg(u) W™z, 295 ) = (0] 'n"gG,, (zof1)  y5h,(0)|B(v)),
émBFB(,,ﬁg (21, 205 1) = (0] 'n'ig G, (i) h(0)|BO)), y
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Twist counting

» Followed by 3 twist four operators

( myFyu) (" (z), 293 1) = (O] i 7'gG, (1) 7iys 1(0) | B),)

2mpFg(u) W™z, 295 ) = (0] 'n"gG,, (zof1)  y5h,(0)|B(v)),

6mBFB(,,t>’\If;ﬁ>< RSIER( 'n'ig G, (i) h(0)|BO)), y
» 3 twist five operators

(2 ) DUV 23i0) = (O G,..&ii) 775h,(0) | BO),

2mgFp(u) W™ (2, 25 1) = (0| it 'n'gG, (271) ¥5h,(0)|B()),

&mBFB(ﬂ)"Ifg RENSMER(] i ntigG, (1) hy(0)|B)), y
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Twist counting

» Followed by 3 twist four operators

(2mFy() DDy 2yie) = O] Gyl 86y (o) 7751y (O) | B,
2mpFg(u) W™z, 295 ) = (0] 'n"gG,, (zof1)  y5h,(0)|B(v)),
@mBFBwﬁg RERSMER(] 'n'ig G ()  h,(0)| B()), y
» 3 twist five operators
(, (i) DN N 50 )
2mgFp(p) @™ (2, 203 1) = (0 G, (1) yirsh(0)|B(Mv)),
2mgFp(u) W™ (2, 25 1) = (0| it 'n'gG, (271) ¥5h,(0)|B()),
&mBFB(m"ng Dz i) = 0 gzt #n*ig G, (z57) 7, (0) | B()). y

» And a single twist six operator

GmBFB(ﬂ) DYz, 293 1) = (0] il n'gG, (i) 1iysh,(0) |B(V)9
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Twist counting g oLl w

» Followed by 3 twist four operators

(2mFy() DDy 2yie) = O] Gyl 86y (o) 7751y (O) | B,
2mpFg(u) W™z, 295 ) = (0] 'n"gG,, (zof1)  y5h,(0)|B(v)),
&mBFB(M)’\?; D=y, 293 ) = (O 'n'ig G, (i) h,0)|BO)), y
» 3 twist five operators
(, (i) SN N 50 )
2mgFp(p) @™ (2, 203 1) = (0 G, .(@n) vysh, (0)|B(V)),
2mBFB(//‘)‘Pg (21203 1) = (0] it 'n'gG, ()  1sh,(0)|BO)),
&mBFB(ﬂ)$§ D21, 295 ) = (O] h in'igG,(A)  h(0)|B()). p

» And a single twist six operator

GmBFB(ﬂ) DYz, 293 1) = (0] il n'gG, (i) 1iysh,(0) |B(V)9
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@ PRISMA™™

Phenomenological models
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Phenomenological models

» We assume positive support for the DLCDAs :

— In factorization theorems, negative values of light-cone momentum can be

avoided once convoluted with the hard-scattering kernel

(see the one-loop RGE study [Bartocci, Béer, et al. 24] )
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Phenomenological models

» We assume positive support for the DLCDAs :
— In factorization theorems, negative values of light-cone momentum can be

avoided once convoluted with the hard-scattering kernel

(see the one-loop RGE study [Bartocci, Béer, et al. 24] )

» We neglect radiative corrections, spoiling the consistent normalisation of

the DLCDAs (radiative tail [Lee, Neubert 05] )

— « Tree-level » models (*see later)
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Phenomenological models

» We assume positive support for the DLCDAs :
— In factorization theorems, negative values of light-cone momentum can be

avoided once convoluted with the hard-scattering kernel

(see the one-loop RGE study [Bartocci, Béer, et al. 24] )

» We neglect radiative corrections, spoiling the consistent normalisation of

the DLCDAs (radiative tail [Lee, Neubert 05] )

— « Tree-level » models (*see later)

» We omit contribution from four-particle DLCDAs
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Phenomenological models

» Defining the Fourier transform,

FC ﬁ)( ,Zz) — J [ da')ze‘i —ia')zzzf( ﬁ)( ,0-)2)
0 0

we model the DLCDAs by a factorized ansatz :

FOD(,, @5) = Ny [f](a) ) Fe{d;,...00, fE€ (s ... )
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Phenomenological models

» Defining the Fourier transform,

FUN(z,, 7,) := J [ d@, e™" 700 fUN () | @,)
0 0

we model the DLCDAs by a factorized ansatz :

U, @,) = Ny C”z[f](d)z) Fe{®;,....0}, f € {¢3 ..., P6)

» We introduce a class of exponential models with a polynomial prefactor:
4 )

_\k _m _ -
; @y 1+ +Rcy

J
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Phenomenological models

» Defining the Fourier transform,

FUN(z,, 7,) := J [ d@, e™" 700 fUN () | @,)
0 0

we model the DLCDAs by a factorized ansatz :

Uy, @,) = Nir Cﬂz[f](d)z) Fe{®;, ... 0, f € {¢s.... s}
» We introduce a class of exponential models with a polynomial prefactor:
4 )
e @

@y @y —Two distinct reference
A\ 2 . | d @

. | @, o 1+ o D,lDy scales @, and @,

P, (@0,) = -\ = — . 0(@,)
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Normalisation constraints "w.a,=n; o\ N(@y)

» The local limit 2, z, — 0 defines the normalisation of the DLCDAs

N[F]:J [ day U (w,,@,) = FU(0,0)
0 0
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Normalisation constraints "w.a,=n; o (@)

» The local limit 2, z, — 0 defines the normalisation of the DLCDAs

Nip) = J [ day U (w,,@,) = FU(0,0)

0 0
3 le le

» Expressing the gluon field-strength tensor as ngW = [iD,, lD’u]

—Local limit related to matrix elements with two covariant derivatives
[Grozin, Neubert 97],[Braun, Ji, et al. 17]

.5 5 D [ : 12 2 2
(013 |iDyiD,| T 1,1 BW) = = <myFy(u) Te{ 15T P, |i A0, + B = 20,1, = )| }
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Normalisation constraints "w.a,=n; o (@)

» The local limit 2, z, — 0 defines the normalisation of the DLCDAs

N[F]:J [ day U (w,,@,) = FU(0,0)
0 0

—
» Expressing the gluon field-strength tensor as igGW = [iD,, iDﬂ]

—Local limit related to matrix elements with two covariant derivatives
[Grozin, Neubert 97],[Braun, Ji, et al. 17]

— .<_ .<_ = i o 2 2 2
(013 |iDy.iD,| T 1,1 BW) = = <myFyu) Tr{ 15T P, |i B, + B = 20,1, = )| }
» NV completely parameterized by /11% and /11%1 !

1 1
Ng, = 5% +47), N, = 5% —A2),
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Low momentum limit

» The powers k and k are chosen to reproduce the @, @, — 0 limit
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Low momentum limit

» The powers k and k are chosen to reproduce the @, @, — 0 limit

» Restricting ourselves to the positive support 8raun, Filyanov 90], [Bartocci, Béer, et al. 24]

— Limit dictated by the conformal spin of the fields ! j= d _2|_ >
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Low momentum limit

» The powers k and k are chosen to reproduce the @, @, — 0 limit

» Restricting ourselves to the positive support 8raun, Filyanov 90], [Bartocci, Béer, et al. 24]

— Limit dictated by the conformal spin of the fields ! j= d _2|_ >
U D WG, (o) W0'G (@), Gy, (oal)) 1y (237)
T T T l(ZQn ) n JZ (Zzn) ’ ﬂlh(zzn) py (22"t
1 3 : 1
=1 Ji=7 j6=7 o= /673
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Low momentum limit

» The powers k and k are chosen to reproduce the @, @, — 0 limit

» Restricting ourselves to the positive support 8raun, Filyanov 90], [Bartocci, Béer, et al. 24]

— Limit dictated by the conformal spin of the fields ! j= z _2|_ i
i ! G, (1) G, (7),G, , (2,7 G, (2.7
4 - TOw@) G0, 6y, (20) ASD
1 .3 : 1
]q=1 Jq=5 JG=5 Jo =1 ]G=E
» For our twist definite basis of DLCDAs, we find
¢; ~ @, ¢s Qs VWi b5 W Vs P
(k, k) (1,2) 0,2) (I, (,00 (O, 1) (0,0
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Shape parameters

> and Cl#] encode polynomial deviations from the exponential model
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Shape parameters

> and Cl#] encode polynomial deviations from the exponential model

» The moments of the DLCDAs (@ &%) := J J di, | @ f" w,, @)
0 0

depend on those shape parameters, N and the reference scales @, and @ !

A+(1+Q+kcp)
1+ +k)cp

(01 )r1 = 0o Nipy . @) p = @g Ny
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Shape parameters

> and Cl#] encode polynomial deviations from the exponential model

» The moments of the DLCDAs (@ &%) := J J di, | @ f" w,, @)
0 0

depend on those shape parameters, N and the reference scales @, and @ !

A+(1+Q+kcp)
1+ +k)cp

(01 )r1 = 0o Nipy . @) p = @g Ny

—Our model parameters are not independent and follow EOMs constraints!
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First moments constraints  |[2,/5.].i5,| = -9,

» First moments related to local matrix elements with three covariant derivatives

. _ <«
2iFg w)p =(0]giD, [z D, | T

— « 1 «
2iFy (@) = (0|7 [ iD ,iD, |,iD ] ™,

— Parameterized by 14 independent structures !
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First moments constraints  |[i0,5.].5,] =- ¢,

» First moments related to local matrix elements with three covariant derivatives

T

. _ <«
2iFg{w);y=(0|giD [z »iD,

17

(— R

1%

| T h,

— Parameterized by 14 independent structures !

» 8 exact constraints from the quark EOMs — depend on A = mgz —m,, , 12, A2

(01gi D iD,iD,Th,|B») =0

(01giD,iD,i(v- DT h,| B»)) = A(0|giD, iD, T h,| B())
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First moments constraints  |[i0,5.].5,] =- ¢,

» First moments related to local matrix elements with three covariant derivatives

T

. _ <«
2iFg{w);y=(0|giD [z »iD,

17

(— R

1%

| T h,

— Parameterized by 14 independent structures !

» 8 exact constraints from the quark EOMs — depend on A = mgz —m,, , 12, A2

(01gi D iD,iD,Th,|B») =0

(01giD,iD,i(v- DT h,| B»)) = A(0|giD, iD, T h,| B())

» 2 more approximate contraints from gluon EOM G@ftde”p R~ O)
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D ,iD |,iD,| := — g 2°9G
iD,,iD,|,iD,| :=—-892,°G,,.

First moments constraints

» First moments related to local matrix elements with three covariant derivatives

«— «— «—
«—
D ] ™,

—
2iFy (@) = (0|7 [ iD, iDU],z

— Parameterized by 14 independent structures !

» 8 exact constraints from the quark EOMs — depend on A = mgz —m,, , 12, A2

(01gi D iD,iD,Th,|B») =0
(01giD,iD,i(v- DT h,| B»)) = A(0|giD, iD, T h,| B())

» 2 more approximate contraints from gluon EOM G@ftde”p ~ O)

— Al first moments parameterized by () [4.1 14.1.11.14-] @NC A, 22, A%

B-meson Di-Light-Cone Distribution Amplitudes 09.07.2026
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lllustration for ¢p; (4”00 =Ny 0/ @) 0 @)

"(@)) = — —=e % : 0(@
LI A [+3c, (@)
0.4 - by, =—0.1 0.30 ¢y, =—0.1
. by, =—0.05 0.25
/S: by, =0 I’é\:\ 0.20 -
éoz— —— by, =0.05 §O.15—
3 #:=0 'S 0104
0.1 -
0.05 -
0.0 - 0.00
0 > 4 6 8 10 0 2 4 6 8 10
@1/ ORILON)
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@ PRISMA™™

Radiative tails of ¢3
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One-loop RGE for @,

» The RGE of @5 is know at one-loop in momentum-space [Huang, Ji, et al. 23] [Bartocei , Bser, et al. 24]

and can be translated in position space (Beneke, Bser to appear]

s - : )

d
L gy ,zZ;u>=J 01 Gyt~ 1) B, 203 ) +[ dt Gt 29 1) D, 1233 1)
0

dInp 0

\ +83(21, 205 1) @3(2, 295 ) .
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One-loop RGE for @,

» The RGE of @5 is know at one-loop in momentum-space [Huang, Ji, et al. 23] [Bartocei , Bser, et al. 24]

and can be translated in position space (Beneke, Bser to appear]

r - - p

d
—— D4( >Zz§ﬂ)=J dt Gi(t, 25 ) ©5(12), 203 1) +[ dt Gy(t, zo5 p) ©5(2, 1255 pt)
0

dInp 0

\ +83(21, 205 1) @3(2, 295 ) J

o CA

asCF
G\(t,251) = — - NG o) Gtz p) = — t TNt 205 1)
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One-loop RGE for @,

» The RGE of @5 is know at one-loop in momentum-space [Huang, Ji, et al. 23] [Bartocei , Bser, et al. 24]

and can be translated in position space (Beneke, Bser to appear]

s - - R

d
—— D4( >Zz§ﬂ)=J dt Gi(t, 25 ) ©5(12), 203 1) +[ dt Gy(t, zo5 p) ©5(2, 1255 pt)
0

dInp 0

\ +83(21, 205 1) @3(2, 295 ) J

o CA

asCF
G\(t,251) = — - NG o) Gtz p) = — t TNt 205 1)

— Independent Lange-Neubert evolution for quark and gluon part !

, , 1 t
I N zop) = <ln (z(z — zO+)ﬁ) +5> o(l —1) — ll—f] , A=pel
+

[Braun, Ivanov 04]
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One-loop RGE for @,

» The RGE of @5 is know at one-loop in momentum-space [Huang, Ji, et al. 23] [Bartocei , Bser, et al. 24]

and can be translated in position space (Beneke, Bser to appear]

r - - p

d
0

dInp 0

\ +83(21, 25 1) P5(2, 295 ) )

T

Cy, /141
g5( azz;ﬂ)=—as A( _;m—iﬂe( )‘9(22))
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One-loop RGE for @,

» The RGE of @5 is know at one-loop in momentum-space [Huang, Ji, et al. 23] [Bartocei , Bser, et al. 24]

and can be translated in position space (Beneke, Bser to appear]

r - - p

d
0

dInp 0

\ +83(21, 25 1) P5(2, 295 ) )

Cy, /141
g5( azz;ﬂ)=—as A( _;m—iﬂe( )‘9(22))

T

» (Partonic) final-state interactions generate (perturbatively) an imaginary part !
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One-loop RGE for @,

» The RGE of @5 is know at one-loop in momentum-space [Huang, Ji, et al. 23] [Bartocei , Bser, et al. 24]

and can be translated in position space (Beneke, Bser to appear]

r - - B

d
0

dInp 0

\ +83(21, 25 1) P5(2, 295 ) )

Cy, /141
g5( azz;ﬂ)=—as A( _;m—iﬂe( )‘9(22))

T

» (Partonic) final-state interactions generate (perturbatively) an imaginary part !

» We set 0(2,) 8(z,) = 1, reflected by assuming @, @, > 0 in momentum space !

— Leads to a reduced RGE, preserving the « tree-level » factorized form

(#4713 =N, 0f(@,)
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Iterative solution =In(iz,2)  L,=In(izfi) A=per

» This RGE can be solved iteratively : [Feldmann, Vladimirov 25]

a
D32, 293 1) = PPz, 29) +—= V(2 23 ) + O(ar))
4
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Iterative solution =In(iz,2)  L,=In(izfi) A=per

» This RGE can be solved iteratively : [Feldmann, Viadimirov 25]

a
D32, 293 1) = PP, 29) +— V(2 20 0) + O(ar))
4

» Tree-level solution (discussed previously) with ®{(0,0), 2. ®(0,0), 9, ®(0,0), ... finite

—well-defined positive moments !
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Iterative solution =In(izi) L, = In(izyfd)

» This RGE can be solved iteratively : [Feldmann, Viadimirov 25]

a
D32, 293 1) = PPz, 29) +—= @V 20 0) + O(ar))
4

fi=pe’

» Tree-level solution (discussed previously) with ®{(0,0), 2. ®(0,0), 9, ®(0,0), ... finite

—well-defined positive moments !

» One-loop correction given by the RGE:
+ 2> In o

=—CF<<4 —2In—2=
G, p1(21) (1)
1
U 5
o+ eo) | alis] o,

0 —

4In—E— 4,2 ) DO 2.
13215 20)

OV 253 )

+Cr <4 In
Hi

1—in

\
+C1( )) (Dg())( ’ZZ)
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Iterative solution =In(iz,2)  L,=In(izfi) A=per

» This RGE can be solved iteratively : [Feldmann, Viadimirov 25]

a
D32, 293 1) = PPz, 29) +—= V(2 23 ) + O(ar))
4

» Tree-level solution (discussed previously) with ®{(0,0), 2. ®(0,0), 9, ®(0,0), ... finite

—well-defined positive moments !

» One-loop correction given by the RGE:

:—CF<<4 —21n —= +2>ln Etie )><I>§°)( ,z;
. ) e

OV 253 )

1

: t
v (s @) [ |7 Z] ot

DNz, 21 1)

\_

» The choice of the integration constants y;, ¢; defines a renormalization scheme for CDéO)

_odzim )
— YA n—+C5( 9Z2) q)3 ( 7Z2)‘
2 /’l3( ’ZZ)

83
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Short distance limit =Iniz ) L, =In(inp) fA=per

» The short-distance expansion can be obtained from a partonic one-loop matching to local operators

[Kawamura, Tanak 09], [Feldmann, Liighausen 23]
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Short distance limit =Iniz ) L, =In(inp) fA=per

» The short-distance expansion can be obtained from a partonic one-loop matching to local operators

[Kawamura, Tanak 09], [Feldmann, Liighausen 23]
» G, : Standard 2-particle LCDAs kernel leading to [Feldmann, Viadimirov 25]

~

DL, 21 0)

=—c<(2 +2) +5—”2>(N — 2 {0, — 12 (D)), + ?
. F 12 N o, 2\W/p, T ---

+Cp (4L, +¢,) (é { >q,3+...>

. _J

5 2
— () = e E[(iz), c(z) = % ¢, = cst (on general grounds)

» G, : Similar expression
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Short distance limit =Iniz ) L, =In(inp) fA=per

» The short-distance expansion can be obtained from a partonic one-loop matching to local operators

[Kawamura, Tanak 09], [Feldmann, Liighausen 23]
» G, : Standard 2-particle LCDAs kernel leading to [Feldmann, Viadimirov 25]

~

DL, 21 0)

=—c<(2 +2) +5—”2>(N — 2 {0, — 12 (D)), + ?
. F 12 N o, 2\W/p, T ---

+Cp (4L, +¢,) (é { >q,3+...>

. _J

5 2
— () = e E[(iz), c(z) = % ¢, = cst (on general grounds)

» G, : Similar expression

» g5 : Non-trivial analytic structure only involving the gluon separation z,

(I)(l)( . _c 1 —irn
3 922a ,[/l) - A
83

(4Ly+c5) (Nq,3 — 21 {0))p, — 122(D)) g, + )

—Us(2,,2) = Pr(2o) = e 7/(iz;), c¢5 = cst (structure of the partonic diagrams)
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Interpolation

» To interpolate the short distance limit with a generic hadronic model for finite z,, z, , we
modify the value of the integration constants y;, ¢;  [Feldmann, Viadimirov 25]

R 1+ ll’iF Cy R
) =——""— ) =——"7— p[=per
l I + iip
— New auxiliary scale i introduced to adjust to the shape of CDg for large value of |7, |, |2, |
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Interpolation

» To interpolate the short distance limit with a generic hadronic model for finite z,, z, , we
modify the value of the integration constants y;, ¢;  [Feldmann, Viadimirov 25]

. 1+ iip G .
) =——""— ) =——"7— p[=per
I I+ g
—New auxiliary scale iy introduced to adjust to the shape of CDg for large value of |7, |, |2, |

» This choice preserves the analytic properties of the DLCDAs in position space but remains

somewhat arbitrary and part of the modelling — numerical dependence on pp

» For finite yp, the short distance expansion is modified :
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Interpolation

» To interpolate the short distance limit with a generic hadronic model for finite z,, z, , we
modify the value of the integration constants y;, ¢;  [Feldmann, Viadimirov 25]

. 1+ iip G .
) =——""— ) =——"7— p[=per
I I+ g
—New auxiliary scale iy introduced to adjust to the shape of CDg for large value of |7, |, |2, |

» This choice preserves the analytic properties of the DLCDAs in position space but remains

somewhat arbitrary and part of the modelling — numerical dependence on pp

» For finite yp, the short distance expansion is modified :

(" No(up) = Ny (0) )

C
(@), (p) = ( >q>3(0)+a;; fip Ng (0) + ..

a,Cy

(D7), (Hp) = (@3)0,(0) + (1+in) fip Ny, (0) + ...

T
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Interpolation

» To interpolate the short distance limit with a generic hadronic model for finite z,, z, , we
modify the value of the integration constants y;, ¢;  [Feldmann, Viadimirov 25]

. 1+ iip G .
) =——""— ) =——"7— p[=per
I I+ g
—New auxiliary scale iy introduced to adjust to the shape of CDg for large value of |7, |, |2, |

» This choice preserves the analytic properties of the DLCDAs in position space but remains

somewhat arbitrary and part of the modelling — numerical dependence on pp

» For finite yp, the short distance expansion is modified :

(" No(up) = Ny (0) )

C
(0o, (1p) = (@), (0) + a; = fip Ng (0) + ..

. —suggests o >

C
(@2)0,(Hr) = (@2)0,(0) + 22

(1 +im) fip N (0) + ...

T

—Induces an O(a,) shift in the shape parameters b¢3(,uF), c¢3(ﬂF) !
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Radiative tails

» Our result can be translated in momentum space and takes the factorized form

h3(), @) = Ng, < L +> <¢2<0>(@2)+Z—; ¢2<1>(@2)+...>
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Radiative tails

» Our result can be translated in momentum space and takes the factorized form

a

h3(), @) = Ng, < L +> <¢2<0>(@2)+Z—; ¢2<1>(a32)+...>

» For large momenta o, ®, > uy, ¢; develops radiative tails in both directions :

~ )
a.C 1 aC 1 ()
S5 (i dg2) LB (g o,
4 4r N‘D3
C 1 C 22 1 (@)
@) =2 A<41n4+(2+2m)> R ! 41n_i+<—+2m> 2
tail 47 w»H 05 A () 3 60% N(I)3 )
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Radiative tails

» Our result can be translated in momentum space and takes the factorized form

a

h3(), @) = Ng, < L +> <¢2<0>(@2)+Z—; ¢2<1>(@2)+...>

» For large momenta o, ®, > uy, ¢; develops radiative tails in both directions :

~ )
a.C 1 C 1 (o)
=— F<4lni+2 + 57F (4 248 4
A7 dr N(DB
C 1 C 22 1 (@)
oo(@y)| = 2A <4ln4+(2+2in)> R 41n_i+<—+2m> 2
tail 477: w»H 05 47[ () 3 60% N(I)3 )

— Complex rescattering phases generated perturbatively!
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Numerical illustration (¢ 3, =N, o (@)

» Input values : w, = 0.3GeV, u = 1.5GeV, a(u) = 0.3 and ¢, = 0 (for simplicity)
s Tree-level model
(b (1 = 0) = 0)
------- Radiative tail
One-loop improvement
(up = 1 GeV)
ur=0.7-1.4GeV
I I I I I I I k )
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
0)1//4
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Numerical illustration (¢ 3, =N, o (@)

2 » Input values :
IS —
g @y =0.6GeV, u=15GeV, au) =0.3
Q
.Q‘:? and ¢; = ¢5 = 0O (for simplicity)
—-0.2
—0.4 S —
0 I 2 S > 6 ! 8 4 Tree-level model A
a)z/ﬂ .....
05 (C¢3(,MF = 0) = 0)
A e e [ PP Radiative tail
8
é\]. 0.4 1
= One-loop improvement
',T§ 027 ‘ (up = 1 GeV)
0.0 1~
up = 0.7 —1.4GeV
A \- J
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Conclusions

» We have initiated a systematic study of three-particle di-light-cone distribution amplitudes
(DLCDASs) of the B meson in HQET

— Generalization of conventional LCDAs where the light-antiquark and the gluon are separated
along two back-to-back light-like directions.

» B-meson DLCDAs can be expressed in terms of 8 independent distributions that can be
organized in a basis of definite twist.
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Conclusions

» We have initiated a systematic study of three-particle di-light-cone distribution amplitudes
(DLCDASs) of the B meson in HQET

— Generalization of conventional LCDAs where the light-antiquark and the gluon are separated
along two back-to-back light-like directions.

» B-meson DLCDAs can be expressed in terms of 8 independent distributions that can be
organized in a basis of definite twist.

» Using constraints on the moments, we constructed phenomenological models for the
DLCDAs consistent with their expected low momentum behaviors and parameterized in

terms of ( )[¢3],[¢4],[w4],[¢5] A, A2, /1}%, and two reference scales @, @,

» For ¢b; : radiative tails at large momenta modify this « tree-level » parameterization and
generate (pertubative) complex rescattering phases

—New source of strong phases in exclusive B-decay observables!
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Conclusions

» We have initiated a systematic study of three-particle di-light-cone distribution amplitudes
(DLCDASs) of the B meson in HQET

— Generalization of conventional LCDAs where the light-antiquark and the gluon are separated
along two back-to-back light-like directions.

» B-meson DLCDAs can be expressed in terms of 8 independent distributions that can be
organized in a basis of definite twist.

» Using constraints on the moments, we constructed phenomenological models for the
DLCDAs consistent with their expected low momentum behaviors and parameterized in

A 12 32 —
terms of ( )[¢3],[¢4],[w4],[¢5] A\, Az, Ai; and two reference scales @), @,
» For ¢b; : radiative tails at large momenta modify this « tree-level » parameterization and
generate (pertubative) complex rescattering phases

—New source of strong phases in exclusive B-decay observables!

» First step towards implementing DLCDAs into concrete factorization formulas— will allow us
to estimate soft gluons attached to charm loops in radiative B decays or energetic quarks in
non-leptonic two-body decays !
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@ PRISMA™™

Thanks for listening !
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