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Background 3

» Feynman proposed a parton model more than 50 years ago, and
hadron structure information has been obtained by fitting a large

number of high-energy experimental data.

» The hadron light-cone distribution amplitude (LCDA) is a physical

quantity that describes the momentum distribution of all parts of

> P o0

hadrons and reflects the internal structure of hadrons.

» The calculation of the hardron LCDA by the basic theory of the strong

interaction has been slow for a long time.

Especially the baryon LCDA!
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Background

Describinﬁ.lnt.ernal Structure: LCDAs provide detailed information
about the distribution of quark and gluons inside hadrons, especially
in high-energy collisions.

Calculating Hadronic Decay Processes: They help theoretical
physicists predict experimental outcomes and compare them with
actual observations, thereby validating or refining existing theories.

Non-Perturbative QCD Studies: Through lattice QCD and other
non-perturbative methods, LCDAs can be calculated from first
principles, providing deep insights into strong interactions.

ExploringMNew Physics: In the search for new physics beyond the
Standard Model, LCDASs offer a crucial theoretical framework.

LCDAs is very very important !
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&) Baryon LCDA
Challenging:

1. Nonperturbative: cannot be calculated directly from first principles; must be extracted from

experimental data or nonperturbative QCD approaches, such as lattice QCD simulations or
phenomenological models.

2. Large number of degrees of freedom: The determination of LCDAs involves accounting for the
contributions from all possible quark and gluon configurations within the baryon, leading to a
large number of degrees of freedom and complicating the analysis.

3.Complexity of the operator product expansion (OPE): the OPE involves three-quark operators
and gluonic operators, leading to a more complex and computationally challenging analysis
compared to mesons.

4.Limited experimental data: limited experimental data for baryon structure observables, makes
it challenging to constrain baryon light-cone distribution functions directly fr%;eh\%%glmém
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Progress on baryon LCDA

Lattice QCD

1.
present a calculation of the first few moments of the leading-twist nucleon DA

calculate moments
3.

Model

1. parameterization
2.

amalgamates features of the Chernyak-Ogloblin-Zhitnitsky model with those of the Cari-Stefanis model
3. Nucleon WF and Form Factors in QCD(1983)

A model for the nucleon wave function is proposed based on a knowledge of these few first moments.
4, Chiral quark-soliton model
5. Estimates of the isospin-violating Ab - 20¢;20J= decays and the 2 -A mixing(2023) C%Rq%bg -
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Progress on baryon LCDA

QCD sum rule
1.
2.

present the first systematic study of higher-twist LCDAs of the nucleon in QCD.
Nonperturbative input parameters are estimated from QCD sum rules.

3.

Ligh-cone Sum Rule
1.
extracted from the comparison with the experimental data on form factors
2.
The model wave functions are proposed which fulfill the sum rules requirements.
3.
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2. Baryon LCDA

A™(ddd)  A(ddu) AT (uud) AT (uuu)
AY(uds) Iy I3
~1 o o -
£ (dds) ® Suds) / S*(uus)
= (ssd) =0 (ssu)
octet baryon decuplet baryon

./ /

9% 5 (0 f% (21) Usrs (21, 20) 95 (22) Ujvj (22, 20) By (z3) Uk (23, 20) | B(P, A)

U(z,y) =Pexp [zg/ dt(x —y) A (tz + (1 —t)y)| .
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2. Baryon LCDA

At leading twist, the LCDAs for an octet baryon can be decomposed into three terms as
(0]fa (z11) gg (221) hy (231)| B (P, A))

B ifv [(FBC)ag (vsuB), V" (zin - P) + (PBv5C) 45 (uB)yA” (2in - PB)}

1 , »
+ ZfT (ZO'MVPBC)QB (7M75UB>7 i (z’én ) PB) g

where C = i7?~" is the charge conjugation matrix, upg stands for the spinor for the baryon

GGG — % [Yu> Yl- fvyasr is the corresponding decay constant for each LCDA. For proton
and neutron, fr = fi due to the isospin symmetry.

(O] (21n) (Cih)g (22m) B (23n)| B) = —fy' V" (2in - Pp)Pgysus,
(O]f" (z1m) (Cs1t)g (22m) h (23n)| B) = fv AP (zin - Pg)PLusg,
(O|f" (21n) (iCopn”)g (z2n) ¥ (23n)| B) = 2frT" (zin - Pg) P ysus,
VE74(0,0,0) = T574(0,0,0) = 1, AB72(0,0 0) =0,
A _ A _ A
V2(0,0,0) = T4(0,0,0) =0, 4*(0,0,0) = ﬂf

with the normalization:




To fully exploit the benefits of SU(3) flavor symmetry it proves
convenient to define the following set of DAs:

B2 (2135) = o (IV-AP (2125) £ [V- AP (w321))

I574(x193) = T5(z132),

453 = 120z12273 (90007700 + o5 P+ .. )
8 = 120z 17273 (1P10 + - - -)
(
(

asymptotic form:
y p HB;&A = 120271332333 77()()7300 + 71-117311 + . )

HA — 1203311‘2333 7T10P10 + )MJT i
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2. Baryon LCDA

Similarly, the LCDA for a decuplet baryon can be decomposed into four terms as
(0] fa(z1m)gp(22n) by (231) | B(PB,A))
=2 [(C) s VB (211 Py (36750 (158%), AP (zim- P

1 , ; 1 : s v
— (10 C) g (1), TP (z50-P5) = 1 g {(wuyc*)aﬂ (PgA — 5 Mp#A ) ng(zm-PB)]
Y

The spin-3/2 vector can be expressed with spinors and polarized vectors:

B A = 1/2) = \ 2@ () + S )b (p), A%(p. A = 3/2) = e (Pl (o)

Up to leading twist, the light baryon mass can be neglected Mp ~ 0 and the polarized vectors
0 ~
s
for each LCDA. In the decomposition of decuplet baryons, V, A, T correspond to helicity-1/2

are e n; ej; = (0,1,-14,0);e, = (0,1,4,0). Ayya/7/, is the corresponding decay constant

state while ¢ corresponds to helicity-3/2 state.

/\T\ﬁ%ﬁ%ﬂﬁ B
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For the decuplet
(017 (z1m) (Coh)g (zam) o om)
(0147 (am) (151 (22n) b (29m)

(017 (21m) (1Coum")g (zam) 7#h (23

<O ‘fT (z1n) (iCo""ny) g (zen) h (23n)

with the normalization v*(0,0,0) =

paryons, we have

B

B

B

B

-

72(0,0,0)

M VEB (zin- Pg)ys(n- A),
= A\vAZ (zin- Pg) (n- A),

= —M\TP (zin- Pp) (n-A),

—A(pcp (zin - PB)P+A”

B(0,0,0)=1, A*(0,0,0)=0.

VB ($1,$2,$3> — VB (33273317333) )
g (1,22, 23) = T8 (2,21, 23) ,
AB (:Ul,asg,azg) = —AB (332,3717$3)7
SOB (331,332,333) — SOB (332,[61,.%3) :

other than Y *0

When isospin symmetry is assumed, it also holds for 3*V..

TB (xla L2, ZES) — [V — A]B (3327 X3, ZCl) 9

Further relation: B(

e

which indicates that ¢” is totally symmetries . —

L1, L2, 333)

= 903(332,333,5131)

. @B(I?n X1, 332)7
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2. Baryon LCDA

» LCDAs are defined as the correlation functions of light-cone operators inside a

hadron, these guantities can not be directly evaluated on the lattice.

» It is highly indispensable to develop a method to calculate the full shape of baryon

LCDAs from the first principle of QCD.

» A very inspiring approach was proposed to circumvent this problem and is now
formulated as the large-momentum effective theory (LaMET).

X. Ji, Phys.Rev.Lett. 110, 262002 (2013)
X. Ji, Sci. China Phys. Mech. Astron. 57, 1407-1412 (2014)

X. Ji, et al., Rev.Mod.Phys. 93 (2021)

/T(\J%‘i%ﬂﬁ B
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2. Baryon quasi distribution amplitudes(quai-DAs) g/

the definitions of quasi-DAs for octet baryons B:  chernyak, zhitnitsky (1984)

M5(217227z3,Pé) = <0
Mf(ZhZz,Zs,PE) = <0
M]l“g(zlv'z?az?nplzg) - <0

the coordinates are defined as z!' = z;n#

1 ~
fT (Zlnz) (C’yz)g (Z2nz) h (Z3nz)| B(PBa A= §)> = _fVVB(Zla 225 %3, Pé)Pg75uB>

1 _
f' (zanz) (Cys7?)g (22m2) h (z3n.)| B(P, A = §)> = faA" (21, 22, 23, P§) Phusp,

1

7 (z1n2) (5C1*, 7 Dg (z2mz) b (z5m2) 1

B(PBa/\ — §)> - 2fTTB(Zla227237Pé)Pé75uBa

where n¥ = (0,0,0,1).

A

the definitions of quasi-DAs for decuplet baryons B: rarrar, zhang, ogiobiin, zhitnitsky (1989)

M\?(zla 29,23, Pg) = <0

]\A/f/f(zl, 22, 23,P1§) = <0

MT (Z1 22,23,PB) <0

B
(217227237PB <

(f (Zmz))T(CVz)g (22mz) h (anz)| B(Pp,\ = %)> = —)\VVB (21,22, 23, Pg) v5(n. - Q),

(f (z1n2)) " (Cv577)g (22m2) h (23n.)| B(Pp, A = %)> = A AP (21,29, 23, PE) (n, - A),

1

(f (1)) T (S CIy* 9" g (22n2) Y (23m2) :

5 B(Pp,\ = §)> = —\rT5 (21, 22, 23, P§) (ns - A).

()T (5C1" 1) 9 Gana) i zans)

3
B(Pp,\ = §)> = —/\(pgp (21, 22, 23, Pp) A”.

MJTJ—
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P

equal time Lorentz boost ., light-cone
quasi distribution Light-cone distribution

The LCDA can be extracted by matching the quasi-DA to light cone direction by perturbation.

VARN == uml ﬁ
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2. Baryon LCDA

~

(I)B (x].,xZ’Pé’/'L) - /dyldy2c (x17x27y17y27pé7,u) (I)B (y17y2a:u) T O (

A(QQCD A(%)CD A?QCD
(x1Pg)? (x2Pg)?" (1 —xy —x2) PE)? )

~

Here, Pj is the momentum of the hadron along the z direction, ® stands for f/, 121, T and ©, the corresponding
quasi-DAs of V; A,T and ¢, and the z3(y3) argument is omitted for simplicity. C(x1,z2,y1,y2, P, i), referred to

as the hard kernel, compensates for the UV difference between LCDAs and quasi-DAs.

Matching kernel is insensitive to the hadrons, in the calculation
of LCDAs one can replace the hadron by the partonic state.

| B(Pg,\)) — ~2<|fa(21P)gp(22P)hc(23P))

the quark state is chosen to have the same J*¢with the baryon.

/\T\ﬁ%‘i@ﬂﬁ B

16



S —— — —— T wave: No diagram (a).
gh ; _<_:‘€<h | IR&UV @ wave: No diagram (a-c)

(d) (e) (f)
-~ L ’ No Wilson line self-energy in LCDA
(0 %: h 0 ﬂ‘*— h 0 F— h IR&UV gy '
g i —— { e e |
(g) (h) (i)
e ngi—q— / 7 ———
§—<— h 0 fF——<—1/ 0 f——<—1 UV
— g by el |
(1) (k) (1)

/\T\J%Z%ﬂﬁ B

17




2. Baryon quasi distribution amplitude(quai-DA) g/
Normalization:

MVV,A,T,QO(Z17Z27O7PZ7M)
MV#‘LT,SO(O? 0,0, P?, u)

Mv are (21,%2,23 =0,P% ) =

hybrid renormalization scheme: Ratio scheme

) . ]/\EV,A,T,QO(ZMZQ,OaPZa:u)

My ATo(21,22,0, P, 1) = — . remove the UV poles.
MV,A,T,QD(Z:l) 22 07 07 :u)

The renormalized quasi-DAs in momentum space are defined as
GVATe — /+°Q P?d 2z P?d 2
H o 2T 2T

—1x1P?z1 —1x9 P*2 z
X e AT o My AT (21, 22,0, P2, 1)

/\T\ﬁ%‘i@ﬂﬁ B
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2. Baryon LCDA

The lightcone correlator can be normalized by dividing it by its zero-
momentum matrix element:

IV,A,T,(/D(Vla V2, V3, :u)
IV,A,T,QO(O7 07 07 /JJ)

jV,A,T,gO(Vla V2, 3, ,u) —

The LCDAs with Fock states in momentum space are defined by

gVATe _ /*OO n-Pdzin- Pdz
MS o 2T 2T

> 6z:z:ln-Pz1-I—’L:IJ2n'J~DZ2 X jV,A,T,go (zln - P, zon - P, 0, ,LL)

/\T\ﬁ%ﬁ%ﬁﬁ B
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3. Matching

 Partonic state

AT,
gp(yhy%u)

WA (g 20, PP ) = /dy1dyQCVAT<p(x1,xz,y1 yz,PZ,/L)\IfV’

« Hadron state
OF (w1, 12, P, 1) = /dyldyZCV,A,T,go(xlwr%ylay2apznu)q)B (Y1, Y2, 1)

/\T\J%Z%ﬂﬁ B
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3. Matching

 Partonic state

pQCD l pQCD
UATE (1) 20, PP, ) :/dyldQZCVATcp(xlax%yl y2, P7, p) U VA B2 (g1, o, 1)
* Hadron state Target:LCDA
O (r1, 22, P? p) = /dyldyZCV,A,T,ga(xla'ery17y27pzvlu)q)B (Y1, Y2, 1)
Matching T
Lattice QCD * :

/\T\J%Z%ﬂﬁ B
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3. Matching

Cv,a (w1, m2,y1,y2, P*, 1) = 6 (1 — y1) 6 (22 — 92) +

OzSCF
4

Civ,a ($1,$2,y1,y2apzaﬂ)
a,CF
41
+C3 (T1, T2, Y1, Y2, P* 1) 0 (13 — y3) + {21 <> 22,41 < Y2 }]g
asCr
41

X [Co (21, T2,y1, Y2, P*, 1) 0 (x2 — y2)

Cr(z1,22,y1,y2, P*,p0) =6 (x1 —y1) 0 (2 — y2) + Cir (1, 22,91, Y2, P*, 1)

a,C ;
47TF X [02 (931,332,y1,y2,P ,M)(S(xz —y2>
+(C3 — C5) (w1, 22, Y1, Y2, P*, 1) 6 (T3 — y3) +{Z1 <> T2, 51 ¢ Y2 }lg
asC ;
C‘P ($17x2,y1’y2,P’z,,u) — 5(561 — yl)d('xQ _ y2) + 47TF Clﬂp ($1,$27y1,y2,P 7:“)
asC ;
47TF X [(Co = C4) (w1, 22,y1,Y2, P*, 1) 0 (22 — y2)

+(C3 — C5) (w1, 22, Y1, Y2, P*, 1) 6 (T3 — y3) +{Z1 <> T2, 51 © Y2 }lg

9 (x1, 22,1, ¥2)]e =9 (T1, 2,91, Y2) — 6 (x1 — Y1) 0 (w2 — Yo2) /dfv’ld:v’zg (7, %, y1,y2) -

A=l



4. Expansion by regions

v +
¢" =(q",q ,q1)
Expansion by regions:

v' Hard: ¢"~(Q,Q,Q)
v' Collinear:q*~(Q,A%*/Q,A)

v Soft:q"~(A, A A)

(;)a, _ _I'(Qc—l‘)z(g(‘r‘ . ) (14(] (5(1171])3 — (]Z = Lls) 1 (I_ZJ_

d*q 0(z1p*—q¢*—ki*) 1 2ki+q¢"+¢7
2m)t (ki+q)*+ie  ¢*+ie ¢

dg?l/o)|C:'i920sz [5(1'2—1‘2,0)/(

tln: <
i
tgnE (]{2
(a)
tlnw fl
0 : <
tgni "2
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4. Expansion by regions

¢ =(q",q ,q1)

Expansion by regions:
v' Hard: ¢*~(Q,Q, Q)

Aa _ 'I'(ch‘)z(g(’l" — 290) d*q 6(xp® —q* — k%) 1 q
CLEEE AR (2m)4  (q+Fk1)?2+ie @ +ie (ks — q)? +ie

d*q (mp*—q¢*—ki*) 1 2ki+¢°+¢°

7d . 2 z
=ig°CEp® |0(xo—2x / ; :
¢(1/0)|C tg UFp |: ( 2 2,0) (27'(')4 (k1+Q)2+;lE q2+’L€ q

Leading Power!

I,

tlTL. g < U
0 : < S
: k
tomn ! (2 d
(@)
k1
tlnbgpj < U
0 : < S
: k
ton . d
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4. Expansion by regions

v Collinear:q*~(Q,A%/Q,A)

quasi-DA = LCDA

d*q 6(z1p*—q¢*—k*) 1 q

2

5 C
= ’Lg2 7Fp+(5(£l§'2—1’2’0) /

=¢(1/0- Light-cone

¢ /0yl = ig°Crp” l5($2—932,0)/
quasi -

V2

+r

V2 [

= ngCFp+ lé(xQ —T20)

=¢/0 Light-cone

Ta . C z
¢(1/0)|02192—FP 5(5132—-762,0)/(

2t (q+k1)2+ie q2+ie(k‘3—q)2—|—ielc

quaSi . CrpT—p~ d'q \/55((331p+—q+—k’1+)—($1p_—q_—k’l_))
=ig° ——F—=—0(x2—x2,0) 1 5
2 2 (27) (g+k1)2+ie
1 q |
q®+ie (ks—q)?+ie ©

d*q 5($1p+—q+—k1+) 1 q:

p+
:ig2CF— (5(332—33270)/(

:ngC’Fp— (5(.%2—332,0)/(

2m)* (gt+ki)?+ie  g*+ie (ks—q)? +ie

d'q o0(x1p*—q*—ki7) 1
2m)*  (k1+q)?+ie

2kf +¢°+¢*
q%+ie q* ®

V2 v
27)4 (k14q)2+ie

_ +
diq 5($1P+_q+—q v 1 2k;r+q++q+q+q:|
|
@

d'q V20(mipt—qt—kf) 1 2kf+qt+q"
2m)4  (k1t+gq)2+ie  g2+ie q* ®
dq ol(z1—z10)pT—qt] 1 2(kf+q")

(2m)4 (k1+q)%+ie q? +ie q* @

Leading Power!
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4. Expansion by regions

¢ = (¢, ,q1)

Expansion by regions:

v Soft:g"~(A, A A)

O(Aqep/Q)

% = 'i(Q—CF‘)ZO‘("r‘ — 290) / diq o(xp® —¢" —ki®) 1 ‘il
pa/ T R TR0 G T (gt k)2 i qF + e (ks — q)2 + i€
; d'q §(p*—¢"—k®) 1 2k +¢"+¢°
d . 2 z 1 1 1
=1g°CEp® |0(xo—2x / ' .
<Z5(1/0)|C g CUFEp { ( 2 2,0) (2ﬂ)4 (k1+q)2+ze e -

Power suprresed!

I,

tlTL. g < U
0 : < S
: k
tomn ! (2 d
(@)
k1
tlny/ < U
0 : < S
: ko
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4. Expansion by regions

» The one-loop LCDA and quasi-DA for baryon does not contain the soft
contributions.

» The one-loop quasi-DA contain the collinear and hard mode.

» QCD factorization shows that the hard and collinear modes in the quasi-
DA can be factorized into a convolution of the hard matching coefficient
and the LCDA which only contains collinear modes.

Hard Mode + Collinear Mode

VARN == uml

o Collinear 1(\)2de Ny ¥
|‘i>B (21, Z2, PE,M)|= /dyldy*' (z1, %2, Y1, Y2, Péaﬂ)lEB (yl,ymﬂ)\"‘ O (leP%D)Q’ (x;jf;)z’ (1= =1 %C;;) pé)z)
Hard Mode




5.Summary and outlook

» LCDAs of a light baryon can be obtained through a simulation of a
quasi-DA calculable on lattice QCD under the LaMET.

» \We have calculated the one-loop perturbative contributions to LCDA
and quasi-DA and explicitly have demonstrated the factorization of
quasi-DA at the one-loop level.

» Our result provides a first step to obtaining the SU3 baryon LCDA from
first principle lattice QCD calculations in the future.

7 T \T'=
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Conformal spin expansion of LCDAs

oo N YN,q/Bo
B s () h
OR (21,22, 23, ) = 120212273 ) Y O g(H0) Prg(w1, 22, 73)
N=0q=0 s (o)

They are orthogonal with respect to

1
/0 [dz]x12923 PN o(21, X2, £3) PNr o (21, T2, 23) = CN.¢0qqON N

/\T\J%Z%ﬂﬁ B
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e For octet and decuplet baryons B # A, the expansions are

VP (21,29, 23, 1) = 12021 29233 [(/58,0(#) + 11 (1) (1 —3z3) + .. } :
A (z1, 22, w3, p) = 12021 29w3[¢F o (1) (22 — 1) + .. ],
TP (w1, 22, 23, 1) = 120012923 | ¢h,0(1) + 6 o(1) (1 = 3w3) + .|,

where qﬁ%z/ t(,u) is the moment for VZ /AP /TP and the ellipsis stands for terms sup-
pressed by higher conformal spins.

For neutron and proton, due to isospin symmetry, 77/P (1, 22,23, 1) can be expressed

as

1
/P (x1,x2, 73, 1) = 120212273 [¢8’0(/j) + 5 (qb(f,o — (/571)1) () (1 —3x3) + .. ] :

/\T\J%Z%ﬂﬁ B
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e The expansions of LCDAs for A are

VA (21, 22, 3, ) = 120m12223[0% o (1) (w2 — 1) + .. ],
AN (21, 20, 23, 1) = 120212023 [0.0 (1) + @7 1 () (1 — 3w3) + .. ],
TA (21, 22, 3, ) = 120331332333[(b1,0(/$) (2o — a:l) +...].

 For the ©P of decuplet baryons, the expansions are

o (1,22, w3, 1) = 120x12923 [Po,0 (1) + dr0(p) (1 — Bz3) + .. ].

o For the alternative basis defined in eq. (2.12), the corresponding expansions are
@f(wl,xg,xg, p) =120z 2023 (cpo O(M)Poo(xl,arg,xg)ﬂol 1 (p )7711(561,562,:133)+...>,
<I>]_3(ac1 X9, w3, 1) = 120z 12923 (QDl’O(M)Plo(ZUl,.Q?Q,éUg) )

872 (21, 0, 23, 1) = 1202 293 (Wgo(M)P00($1,$2,$3)+W1 (e )Pll(xl,xg,x3)+...>,
T (21, 2, 23, 1) = 20$1$2$3< fO(M)Plo(xl,xg,ajg,) >

where % (1) and TE o(1) are the conformal moments defined in the alternative basis.
The explicit forms for Pyg 10,11 are given as:

Poo=1, Pio= 21(331 — xg), P11 = 7($1 — 219 + xg). /\V(\%JT m
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Results for quasi-DAs

MV(A)(Zl 29, 0 P u)

N ; MT(Zl 22,0,P%,pu) =
{1+ & ( i L§V+ L?2V+ )}MO(Z1 22,0,P%,1) {1+a i

1 3
< LYV+ LUV+ L¥2V+ >}M0(z1 22,0,P% 1)

1—
_OéSCF/ 771/ 771 Qg CF/ /1 771
- Uit

2 1 A 2z
{(LIR 1+ R)MO((I 771)21 292, 7722’1P ) <LIR—1+$>MO(zla(l_nl)zZan2227P 7”) {(LIR 1+—R>M0((1 Th 21,22 7]221_[3 N+(LIR 1+ > 1 771)2,2 7722213 H’)}
IR z
AT P o Lo s (e () ()
%OF [~ anxd Mo((1 0,P% )4 ( LB+1 171 o (In 0 ' o
“ { o soeneno 2++IR>(T>J (). mo(Zl,(l_mZW,o,pz,m{<LI2+1+;R>(1777) () )
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Here M| stands for tree-level matrix element. VasS—oc JwJﬁ

R, UV L 2 2 1 1
Ll = In (Z/’LIR, Uv<1€ 7E> L;R7UV =In (4/,LIR UVZ%BQ’Y > LIll;{,UV =In (_M%R,UV<21 . 22)2627}3)
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Results for quasi-DAs
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Results for LCDAs

Iv;Ag?nfﬁ,uz=Io<g:2’0>ﬂ> The lightcone correlator can be
e 5{/0 dm/o dng [2Zo (1 —n1) vi +mve, (1 —n2) va+m2v1,0, 1) norma“zed by d|V|d|ng it by its
zero-momentum matrix element:
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Ty, (v1,v2,0, 1) =Zo (v1,v2,0, 1) Py VAT
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- /_OO 2T 21
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(o (1= 0)v1,v2,0, 1) + To (1, v, w1, ) + (To (v, (1~ ), 0, ) + To N} o a3y 1 n (e Poagn PO

/\T\ﬁ%‘i@ﬂﬁ B

where v; = z1n - P, v = 29n - P, and I stands for tree-level matrix element.
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The coefficient of matching kernel

Civ.a(z1, T2, Y1, Y2, P?, 1) = 2(P%)? IIEI//A[(M —y1)P?, (z2 — y2) P*] + I;I/éf[(xl —y1)P?, (22 — y2) P7]

V/A z z V/A z z V/A z z
+ IHéII[(xl —y1)P*, (w2 — y2) P?] + IHéIII[(xl —y1)P?, (x2 — y2) P*] + IHéIV[(fEl —y1)P*, (2 — y2) P?]

1@ = )P 2 = 1) P+ 8l — ) PRl — ) P] (S (2 ) +4)

Cir (@1, X2, Y1, Y2, P?, ) = 2(P*)? | I [(z1 — v1) P?, (v2 — y2) P?] + Ligi[(z1 — v1) P?, (v2 — y2) P?]

+ Iisul(z1 — y1) P?, (z2 — y2) P?] + Iism[(@1 — y1) P?, (w2 — 92) P?] + Ly [(@1 — y1) P2, (22 — y2) P?]

9

+ 15 [(x1 — y1)P?, (22 — y2) P*] + 8[(21 — y1) P*]8[ (w2 — y2) P7] (Z In (M 647E> " ?)

Cip (21, T2, y1, Y2, P*, 1) = 2(P*)? | I [(z1 — v1) P, (z2 — y2) P?] + Iig[(@1 — y1) P?, (22 — y2) P?]

+ Iﬁsn[(ﬂ?l = yl)PZa (932 - 3/2)PZ] + Iﬁsm[(xl y yl)PZa (562 - y2)PZ] + Iﬁsw[(xl - yl)PZ> (552 - y2)PZ]

9

(01— )P (02 — )P+ 8l(an — ) PG — )P (10 (25 ) +3)

/\T\J%Z%ﬂﬁ B
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The coefficient of matching kernel
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