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Introduction
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Inclusive decay: Zpe — Xcs
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Introduction

@ Our goal 1: test the heavy diquark effective theory
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Introduction

@ Our goal 2: determine the diquark constituent

decay PY
E;’O - Xee ——)
¢ ) strange
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Y, J

Scalar state Axial-vector state
Eur. Phys. J. C 16, 461-469 (2000), V.V. Kiselev  PhysRevD.99.073006(2019), Hai-Yang Cheng

‘E:C’O> = cosf |Zx) +sinfe’® |=s),
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Heavy Diquark Effective Theory

‘Q rQer ~ 1/(mqu)

‘ . q rQq ~ 1/(AQCD)

rQQ/rQe ~ Naqcp/(mqu) <1

Diquark Lagrangian

1 1
Ls = iSjv-DS, — —S8ID*S, +O(—)
2mg msg
. 1 ig ~ 1
— _ixtv.pDxr o —— ¥t pD2yr L &yt G _
Lx v DX 4 o X[ DX+ 5 X6 XW+O(m§() (1)
arXiv:2002.02785,Yu-Ji Shi, et al
Redefined diquark fields
S(x) = exp[—imsv - x]|S,(x)/v2ms
XH(x) = exp[—imxv - X|(X)(x) + YI'(x))/v2mx (2)
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Heavy Diquark Effective Theory

The effective Hamiltonian involved in the bc — cs processes is
Herr = 2S£ Vi Ver 0, GO,
O1 = &y Prby5,vuPrey , Oy = Ey*Prb 5y, P c,
O3 =59y"P b Cvy,Prc, Oy =5\v*Prb,CoyuPrcy ,
Os = 5v*P b &vy,Prc, Os = 5\v"PLb,CyyuPrCy - (3)
arXiv:hep-ph /9512380
The scalar and axial-vector diquark states are

|She(v)

d3k
) = i [ s (e Cos(1 + ML, Qv G (v —H00)

E. d k / :
[Ase(v, ) = gis | Gy (el CHL+ L, Qv QUL (v, =kI0) (4

arXiv:2002.02785
where the heavy quark operators are defined by

Q(v,k) = Z u*(p)ag, with p = mgv +k.

S
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Heavy Diquark Effective Theory

c

the scalar diquark-quark interaction terms

Hs >

Ap =
Az =
Ase =

Avseiix S" GPRCS] + Agaej S’ G PRCS]
+As6/Mpc E;J'k (iDy, Sh Ej’Y”PRC&‘TZ ’
Ay/mpe GrVEVan(Co — C1)tbee(0)
Ay/mie GrVEVen(Ca — Ca)tbbe(0)
2y/mpc GFVEVep(Cs — Co)1hne(0)

the axial-vector diquark-quark interaction term

Hxy > B56€,JkCJ’)/ PRCSk
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Operator Product Expansion

Optical theorem

—_—

P
ﬁml r(:Jr,o S Xe) = ImEC0TIZL)
e \_./ T —bc cs — m=
Ps T =i [ d* T{H](x)H(0) ,}
Figure: The leading order diagram for Hy=MHs+Hx. (7)

the diquark-to-diquark amplitudes

Operator product expansion

where the Q,-(”) are local operators
T = Z F,-QI.(") , with dimension n and F; are the
i corresponding coefficients.
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Operator Product Expansion

Sbe = €5 = Spe : Im M(Spe — Spe) = A%

2

m
A= A2+ Az + mTCA56|2, p = Mpcv + k

bc

Table: the order k° terms

Original field Redined field

operator SZCSbC Qf(3) = SIS,
— A — )2 A —m2)2
coefficient (n;‘;:imiz?) Fi = (rlné’;img:d

Table: the order k! terms
Original field Redined field
operator | SJ_(iD - v — mpe)Spe | @ = SY(iD - v)S,

. —a . —a
coefficient| AUMbe—me)” Fs = Al —me)”

3
Ammy

8mmi_
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Operator Product Expansion

Table: the order k? terms

Original field Redined field
operator | SJ_(iD — mpcv)?Spe | @) = S§(iD)?S,

A(mzc—mﬁ) Fs — A(m‘t‘lc—mﬁ)2
3 167rm2c

coefficient

7
8mmi_

EOM:2imv - DS, — D?S, = 0

The matrix element

(2slsisi=s) =
ES|Sv5V|ES = 2m5u3 = 2m5(1 - u ) s

2mp,
with <55\53(io)25v155> = —2m=y? .

The parameter 2 takes the value 0.43 + 0.24[arXiv:1802.09409].
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Operator Product Expansion

Xbc —> CS — Xbc :Im M5,6(Xbc — Xbc) = BM

8mp?
2 m?
B = |Bse|“(2 + 25)
M
B(m2 - m2)2
Qf(3) = XMLXV}M Fla = be <
v 16mm}.

Analogous to the scalar case, the hadronic matrix element of Qla(3) is

<EX1X5TXW|EX> = 2m=ps . (9)
The Spe — ¢s — Xpe amplitude at the leading order vanishes because of

angular momentum conservation, so there would be no interference
. . . —40
between the scalar and axial-vector constituents in the :Zé baryons.
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Numerical Analysis

the leading-order inclusive decay width

scalar MN=s — Xes)
26; :
= [G-G+G-G+—(GC— G)]
7rmbc 2mbc

2
|V Vo Pl (0) A (me — m2)?(1 — =2

2mbc
~ (5.742.1) x 10713 GeV (10)
axial — vector I'1(EX — Xcs)
= VaVal(G — GO
bc
2 2
(mpe — m2)*(2+ —e)(1— oy
be mbc 2mic
~ (9.0£3.4) x 107" GeV (11)
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Numerical Analysis

Figure: The next-to-leading order Feynman diagrams contributing to =x — X

with a real gluon emitted from the diquark.

M(Zx — Xos)
s G2 |V Vo |
- 3g7|rz,c,i4 B2+ )~y +y2) + GG — axy + )] O
bc
m? 1
/0 dsio {2 (=m2 — s12 + mi) \/—ng (s12 4+ m2,) + (M2, — s12)° + m?
~ (47+1.8)x 1071 GeV (12)
where x = mbc/mb,y = mbc/mc-
(13)

MZx = Xes) >~ (5.6 £2.2) x 10710 GeV .
20221209 18 /24
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Numerical Analysis

The inclusive = —bc — X decay width

r(EZéO — Xes) = sin2 6 M(Zs — Xes) + cos” 0 M(Ex = Xes) - (14)

The total decay width

ran ran ran rother

S X SX
Eobc 1.87+£0.12 3.814+0.30 2204+0.17 1.50+£0.31
E;C 0.61+0.22 0.035+0.008 0.020+0.005 2.94+0.73

Table: Various contributions to the total decay widths of = b in units of
10712GeV, including the {bc,bu} and {bc,cd} weak-annihilation contributions to
=/ and =), respectively.

F(EZC’O) = sin2 0 T3 + cos? O M3 + 25sin f cos A cos I Y, + [other
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Numerical Analysis

The transition operators

Gz |Vcb|2 2 2
Tar =L (mp, —m2)" (G — @)
q 27‘(!?12)“ ( u
(Y (1 = 75)b) (G+"(1 —75)q) (15)

The hadronic matrix elements are estimated in the non-relativistic
potential mode.

Q11 =15)Q) (37" (1 —15)9)| Z5) = 2mic [1hg,bc(0)]
<Ej\_’ ‘(Q (]- - 75)0) (C_I’Y“(l - 75 q ‘ E;> = 6’r’bc W}q,bc( )|2 y

(24 (@1 = 5)Q) (@"(L — 15)a)| Z5) = 2VBmc [ () (16)

PhysRevD.99.073006(2019), Hai-Yang Cheng
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Numerical Analysis
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Figure: The lifetimes of cho as functions of the mixing angle 6. The solid, dotted

and dashed curves correspond to the choices of the phase angle cos¢ = 0,

cosp =1, cosp = —1, respectively. The vertical line corresponds to the reference
value sing = 0.39 [arXiv:0803.3350]
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Heavy Diquark Effective Theory
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Figure: The branching ratios B(E;co — Xcs) as functions of the mixing angle 6.

B(Z0, — Xes) ~ (14709), B(Z). — Xes) ~ (5.4722).

Zp o DWEA Zf 5 AFK0 =8 — DMK p, and . — DOK()0p
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Conclusion

@ We have calculated the inclusive EZC’O — Xcs decay widths making

use of the local OPE technique in the framework of HDET.

@ We have calculated the EZC’O lifetime as the function of the mixing
angle 6.

o We propose that the decay channels =5 = DUFA =) — AFK(O,
=) = DW*K=p, and =} — D°K*)0p should be used in =p,
searches.

Thanks!
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