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Matter-antimatter asymmetry

* One of the most important mission is to understand
the matter- antimatter asymmetry.

* A baryon-generating interaction must satisfy to
produce matter and antimatter at different rates.

e Sakharov three conditions:
Baryon number violation.
C and CP-symmetry violation.
Interactions out of thermal equilibrium.



CP-violation in heavy baryon decays

e The first evidence of baryon CP-violation appeared from
four-body decays AY — pr 7ta . [LHCb 2017]

 The CP-violation in heavy baryon two-body decays

Channel Ay — pm Ay — pK
BR(PDG)(107°)| 4.540.8 5.4+ 1.0
CPV(PDG) |—0.025 £ 0.029 | —0.025 % 0.022
AAcp(pK™ /77) 0.014 £ 0.024

e The only QCD-based study from [ C.-D. Lu, Y.-M. Wang, H. Zou, A.
Ali, G. Kramer, (2009) ] in pQCD approach, our understanding is
still very limited.

e So we consider to study baryon decays from LCSRs.
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Framework of LCSRs

e LCSRs is a useful method for the calculation of
different kinds of form factors, such as for A, — p.

[A. Khodjamirian, Ch. Klein, Th. Mannel, Y.-M. Wang (2011)]

* |t also has been used to study heavy meson two-body
decays, suchas B— 7w and D° —n"n K K~

¢ : i : Ay ; .
Fu[r 1 :iz fc!4_r€—I(fi—(f]-\ fd‘l-}_,e!(ﬁ—f\l\ (0|T{‘];§)(l)0(1 ({))Jég}(’f)}‘x_(qn

[A. Khodjamirian, (2001);

A. Khodjamirian, T. Mannel and P. Urban (2003); jJ P ld ‘1_\
A. Khodjamirian, T. Mannel, B. Melic (2003); = * "
A. Khodjamirian, T. Mannel, M. Melcher and B. Melic (2005);

A. Khodjamirian, A. A. Petrov (2017)]
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The topology diagram

 The topology after the insertion of effective operators

oﬁ' I =) N

Prr

(}bh | ﬁ (\ | %

Pev

. Channel Ay — pr Ay = pK
(pm|Oi|Ap) = un(q)(Ai + Bivvs)ua, (p) T.C', s, B T,E
topology
Pc, Pcf PC
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The three-point correlation function

e The three-point correlation function
HSOpt a((p o ]{,)27 (p o q)27P27 )\)

=i [[atee 00 [atyer w0007 (G5 ), (100)} Ipa, )
=(p— k)aHSpt + chHSpt  Hk HSpt o T Eaﬁ)\pqﬁpkk Hspt 3T+ %H?,Opm
where ;7 = ay,vsd and ny,) = €% Cysd )"

 The procedure for the extraction of matrix elements
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The light-cone OPE calculation
IS _3\5*

 The topology in the three-point correlator scheme
)\m N ﬂ:?;/\‘vm
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The two-point correlator scheme

 |n this case, the starting point will be the two-point
correlation function

05 ((p— @)%, P?, X)) = i/d‘lze_i(p_q)'z(ﬂ*(p — k)| T{na, (2)O(0)}p(q, A))

 We get the following invariant amplitudes

—1 . — § 2 2 2 Fo
40 — (=1)(ma; —mn) /O dse”S/M " +my, /M ImS(Ff”(sH 1 (s) )

WmAb)\Ab(mAb +mA*) MN — TNA*
b b
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The topology in the 2pt LCSRs

* The topology in the 2pt scheme
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The contribution from ¢’

 The topology C’ in the two-point correlator scheme
115, 0 =i [ dlze™ 00 (m(p — BT {1a, ()0(0)} Ip(a. V)

d? . r NGk
— /d42/—(271}_))248_3(13_(14‘?2)'2[ 2(?512)24' mb)2 ] (C’Fl)m(rﬂ)w
2

x|(m(p — k)|us(0)d (2)[0)(0]e"™ ui, (0)u (Z)d%( )Ip(g, A))
 The invariant functions

1 1
; <p.,.,(u)du/0 d;cgmN(m?\; - m?\b) [(—@51 — 22597, )11,

+ T (5205, — m3, uds, — my (ad@s; + 2(05;, + 7205, + 9TM)) )13

- 21172mN (92(@32 + 6TM) umib(‘ng o GTlM) @
3 (622(TM + Trosors) — (5, + 677")) )11 -‘

= fx /: Or(u)du @ F{ (s, u) ‘
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The contribution from E, and B

e The topology FE, and B in the 2pt scheme
Mo ¥ = i/ff‘lzﬁ_i(”_”)'z(?r(p — k)T {na,(2)O(0)} [p(q, N))

_ / A / d'pi d'py [TFpy CT1]" [Ca(py + my)TH]7" o—il(p—a)+p1+pa] =
(2m)* (2m)* pi(ps —mg
x|(7(p — k)| d] (2)d} (0)ul (0)[p(g; N))

Transition distribution amplitude
[B. Pire, K. Semenov-Tian-Shansky, L. Szymanowski (2021)]

ke .
! Apl g 1)
Aulg —p) S Aylg = p)
b b i
u
p(0) _ - + =

Es 3 ply) m(p— k)

e We can’t calculate such kind of diagram so far.
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Branching ratio and CPV

e The branching fraction and CP violation from 3pt

channel Ay — pmr Ay — pK
topology T.C' E,, B T,E; Without gluon
Pc, Po Pc penguin contribution
BR (1079 5.94 6.50
BR (PDG) (107°%)| 4.5+0.8 5.4+ 1.0
Acp —0.018 —0.001
Acp (PDQG) —0.025 £ 0.029|—0.025 £ 0.022

e The contributions to (A, B) from different topologies

channel

T(1077)

C’(1077)

E>(1077) Penguin (10™7)

Ah—>p’ﬂ'

(—1.57i, —1.514)

(0.204,0.204)

(—1.37i, —2.551)

(0.94e 171" 0.89¢"0%7)

Ab —)pK

(—0.594, —0.581)

(—0.26i, —0.484)

(2.25e 157 5.57e! %)
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The light-cone OPE of 2pt

e The general form & ;%K
5, ((p — )%, P2, A )—z TPz +(p¥ i’p//(o )}p(g, \))

—i(p— q)z (" |udd|p) + Co{m™|ud|0)(0|uud|p) +
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3pt scheme vs 2pt scheme

. The topology T and C’ in the two schemes

Topology| 3pt scheme 2pt scheme
>’\m T(107%) |(~1.57i, —1.514) | (—1.79i, —1.801)
C'(107%)| (0.204,0.207) (0.264, 0.251)

 The NLO correction is achievable from 2pt

LR Lo
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summary

e As a first try, we found the heavy baryon two-body decays can be
well studied within the framework of LCSRs .

* The branching ratio and CP-violation are estimated and consistent
with the experimental data.

e Our LCSRs scheme can deal fairly well with W-exchange diagram.

 The proposed two-point correlator scheme has special advantages
for simplifying the calculation procedure and estimating the higher
order correction of tree topology.

Thanks for your attention!



Back up

* The fundamental constituents of effective Hamiltonian

e 10
He = 7; {/\u (10 + c208) + Ac (105 + €208) + (Au + Ae) | Y €iO;i + €740 + c390s4 } + h.c.
=3
1 ~ Or =3 (FT7 f) (qTb) = Los 120
OF = (aT',p) (PT""b) = 505 + 20} T QZ“f nlJNET0) = 358+ 2%
) 1 ~ . 1 ~
O3 = (p,p)(aT"'b) = SOF + 207 —3Zf‘f (1475) f) (f (1 = 75) b) = 307 + 207,
_ 1 ~
O3 = TLf) (gT"b) = =04 + 204, ~
’ ; (L) ™) g O = Zef (fT.f) (a0'b) = %010 + 2010,
_ 1 ~
Oy = ny I'"p) = ~03 + 203, 3 1 ~
! ; (@ 'u'f) Y ) 377 > O = 5 Zef ('-’?Fi:.f) (fF“"b) = 509 + 20y,
_ 1 - !
= (fT}.f) (a0'"b) = 706 + 20¢
f ; 3 07’)‘ - ] gmhqgﬁ (1 +P}(5) Fpub
_ 1 ~
O = —QZ (L+75) f) (f(1—75)b) = gos + 205, Ogg = g—mb(jo‘w (14+v5)t*G* b
871‘2 /

OP _ (ql—\f ta )(I—)Fr’utob) 63) — (ﬁFlep) (ql-\.’.;t.tab)
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Proton light-cone distribution amplitude

In the light-cone limit, ¥1=a.2,y>=a22,y3 =asz, 2°=0

4.(0] e*u (ar2)ul
= SIMCap (75N), + SoM?Cop (715 N)., + PLM (15C) 05 Ny + PoM? (15C) .5 (ZN),

V1 (PC) o5 (vsN), + VoM (PC) 5 (Z15N)., + VsM (’Y#O)aﬁ ("5 N).,

VM (£C) 5 (15N, + VsM? (1,0) 5 (10" 2,795 N) , + Vs M? (2C) .5 (Z15N),,

+ AL (P15C) 05 Ny + A2 M (Pr5C) o5 (ZN),, + AsM (7,750) .5 (VN

FADM? (75C) yg Ny + AsM? (1,75C) o (10" 2, N ) + As M (£75C) 5 (ZN),

+T1 (PYiowC) s (Vs N), + ToM (24 PYio C) 5 (V5N ), + TsM (0, C) o5 (675N )

(ag2)d5(az) | P) =

+TaM (P¥0,,,C) 5 (072075 N), + TsM? (27i0,0,C) 5 (Y95 N),
+TeM? (24 Pi0,,C) 5 (215 N), + TeM? (0,,,C) .5 (0" 27:N),,

+TsM? (270w C) g (U”QZQ%N),Y , (2.3)

[V. Braun, R. J. Fries, N. Mahnke, and E. Stein, Nucl. Phys. B 589 (2000) 381-409]
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The invariant amplitudes

e Summary of the invariant amplitudes

G u o) o)
Atotzfg{ Nu(ar AT, + 201 AZg) + 221 A + (A + Ao) [as Ak, + 264 (A + ASing)

+ ae Llee + QCﬁ(AI)eug + Apeug,) + UJSAtIee + QCS(AIJG‘Ilg + Apeng)

()

+ alO‘Atru, + 2610("41)“1% + Apulg) + CT'YA}C))JIT + g Ag&i]]

— 18 10
- A-t.rcce T+ Apcuge r

G uw i e
Bto‘r. - Tg [)\ﬂ.(alstor(lzc + 2"71 Blcl)czng) + 2)\r:":lBr(:;’czng + (Au + )\n) [G4Btr<( + 2P4(BDCH{-’, + BDCHQ)
OU. OH’

+ aGBtr;e + 2¢6(Bpeng + Bpeng) + GSBtlee + 2c8(Bpeng + Bpeng)

+ amBLI.;Q + 201()(535];% + B[)Lng) + (3773 o+ c@;QBOS" ]}

peng peng

Jid LY
- Btr(:(:e? ! +Bp(:ng61 P

(ma, —my)? —m?2

" |Biot |’

Pem [ (mp, +my)? — m?
s Mma

] Asot]|* +

b A b

I'(Ap — pm) =
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The light-cone distribution amplitudes

e For nucleon, the non-perturbative parameters

Model fv 10312103 [ Ap-10% | AY Ve fr fd g
BLW (2006) | 5. 0(5) —27(9)  [54(19) |0.13 0.30 0.33  [0.09 [0.25
CZ (2002) |5.0(5) [—27(9)  |54(19) [0.38(15) [0.23(3) [0.40(5)[0.07(5)|0.22(5)
LAT (2019) 304(6) —44.9(4.2) | 93.4(4.8) | 0.300(32) | 0.191(22) | — — —
 The RG running of part parameters
as(p) \ 2
o) = i (o) (2 ) Bo= 11— 2N;
(1) = @ ( )(%( ))Wﬁ“ %0 =0, 70="75, M1 =73
P = O ag (o) Y20 = B, Vo1 = G Vo2 = 5
sl =2/Bo -
AYa (1) = A (po) (d*((;; ))) [I. V. Anikin, V. M. Braun and N. Offen, (2013)]
ts \H0

e So far we temporarily use the leading twist asymptotic
function for light meson ) (,)) — 6u(1 - )
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