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Introduction



The (), lifetime puzzle

 In 2018, LHCb measured the lifetime of Q2 via O, —
Q(C) /,L_VMX [Phys.Rev.Lett. 121 (2018) 9, 092003]:
7(Q2) =268+ 24 +10 + 2 fs
PDG2018: 7(Q2) =69 + 12 fs

e In 2021, LHCb measured the Q2 lifetime using produced

directly from proton-proton collision [sci.Bull. 67 (2022) 5, 479-
487]:

276.5+13.4+4.4+0.7 fs

* |In 2022, Belle-Il also reported a similar result using
Q(C) — Q1T decays [Phys.Rev.D 107 (2023) 3, L031103]:

243 £48 + 11 fs



lifetimes

:202.6 +1.0fs
: 453 £ 5 fs

: 150.4 + 2.8 fs
1273+ 12fs

T(EF) > t(Q) > t(A}) > ©(EY)



Heavy quark expansion (HQE)

 With the help of the optical theorem
1
Disc / o (H|T{H () Heo (0)} | H),

2mH

I' =

Her: effective weak Hamiltonian governing Q — X;

* Denote
[ = Disc/d433 T{%Zﬁ(x)Heff(o)}v
* OPE:

1 _
= 3QQ + ¢ 5 Q0.0 G Q + e QaaT"Q + -+
Q mQ



Contributions of dim3 and dim5

rmr

Dim3 -- Q¢ Dim5 -- Q gs0,,G*V Q

* Non-spectator
* Same for Hj



Contributions of dim6 and dim7

0
* Dim6 -- Order of (i) for c6
mq
’ 1
e Dim7 -- Order of (i) for c6
WE mgq
* Spectator
 Main source of lifetime difference
Pl



Two steps

I'=c3|QQ |+ c5

1

2
mq

QgSO-pJ/GMVQ + Cg

* HQE --- to obtain ¢;

° (Bc|0i|3c>;

i = 3,5,6, ...

QFuqu,MQ
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This work: Full QCD sum rules
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QCD sum rule analysis



QCD sum rule analysis

A —

['=c3|QQ

Q
e forwa rdw

1

+ Cs R QgSO-uJVGMVQ + Ce o

m

1

QT qql"™@Q |+ -+

ma

(B:|O;|B:), i=3,5,6,..

e 3-point correlation function:

a/rix elem ;

(py, ps) = & / dhad'y e~ P TP (0T (3)0(0) J(2)}0)

Hadron level

IBeX(Be| BB
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Hadron level

(Be(q, $)|0:|Bc(g, s)) = ulg, )( + bys)u(g, s)
=2am

Insert the complete set of baryon states and consider the
contribution of negative parity baryons:

(P, + M) (e |+ 0T Fs)(p, + M)
(p3 — M?)(pf — M?3)
(p, + My )(a™™ + b7 5)(p, — M)

1" (p1, p2) = Ay Ay

T AA 02— M) (72— M2)

(B, — M_)(a=" + b= s)(p, + My)
AT T ) (7 - M)
oy (B Mo b ) — M)

(p3 — M?)(p? — M?)

4o
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QCD level

9P (p1,p2) = AL pp, + Az, + Asp, + Au,
+ As p,vsp, + A P, vs + Arysp, + As s,

+4

a

(M2, M_,M_,1}.{BA;,BAs, BA3, BAy} 2 M2
N A (My 4 M_)? SPUT )

S0 S0 | S _|_ S
BA?, :/ dSl/ dstA%(817827q2)eXp ( 1T2 2)7

So -- continuum threshold parameter

T? -- Borel parameter
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Calculation at the QCD level — cutting rule

for dim-3,5 QQ for dim-6,7 QT'qgl'Q
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Heavy quark limit



Heavy quark limit (HQL) for 2-pt correlator

1
S—P

1
(My + M_))\2

+ 72 )
M+_p2 2

S0
= / ds (M_p* + p"”)
2-pt full QCD sum rule (without Borel transform)

My = (mp+ Ay), p? = (myp + w)Q, s = (mp + (J')E, so = (mp + wc)zj

1

wc 1
2 _ A, B
)\+( —w)_f do (mgp”™ + p°)

(0 —w)

Heavy quark limit (without Borel transform)

_ o lae)”
_2’-[)??4+ 6 o),

puqL(0)
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Heavy quark limit (HQL) for 3-pt correlator

1
(M2 — p?) (M3 — p3)

S0 S0
:/ d81/ dso {ME’M_;M_, 1}.{pA1ij2’pA3?pA4}

A2 (My + M_)?a™t

1
(s1—p7)(s2 —p3)
3-pt full QCD sum rule (without Borel transform)

My = (my+ AL), piz) = (mp +wi2))®,  S12) = (M +012))% 50 = (My +we)?.

1
(A —w)(A-o)

:/ da/ do’ {ME,M—,M—,1}-{PAlaPAZaPA3aPA4}

TR
/\+a

1
(0 =)o’ =)

non-trival -- Heavy quark limit (without Borel transform)

(D=6) (

puqQL(01,02) = P[pert)(f?l: 03) + p o1, 09){qq)° + - -
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Numerical results



Inputs

e ml> = 1.55 GeV
e u=1GeV
 Condensate parameters: standard
P. Colangelo and A. Khodjamirian, hep-ph/0010175
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Dim6 contribution for (2.




Calculation of WE

In QCDSR, p? ~ p, - ps =

Ce ~ S+ (1 — mg/SJ,)z, sy = (pc + Ps)z
expanded by p.

m2\?
Order O: mg( ——‘Z)

me
4
Order 1: 2 ( — Z—%) (e * Ds)
s 4mg
Order 2: ( —Z—g) p? + nTg (pc°ps)2

Sy—mz—m?2
2

, S+ € [(mc + ms)z:SO]
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Calculation of PI

* g ~ 5- = (pc — Ps)*
= pé — 2pc - Ps + D¢
e Oth ~ (_1)*1st

e cg ~ (2s_ + m3)(1 —m?2/s_)?
* S_ = (pc — ps)z = (ks — kz)z
* Expand by p.

e similar to WE: Oth 4 1st

e converge quickly
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preliminary results of dim6 for (1,

7% 6: |The dim6 term of Qg , in units of GeV, up to Oth of c,.
WE PI" semi — e semi — [
c—s,ud 332 %1077
c—s,us | 578 x 1077 | 1.75x 1077 | 1.08 x 107" | 1.07 x 107"

=7 ‘The dim6 term of Qg , in units of GeV, up to 1th of .

WE

PI

semi — e

semi — [t

c—s,ud

3.09 x 1075

c— S, US

134 x 107

1.47 x 1074

1.00 x 1071

8.57 x 1071

We need the help of experimentalists here!
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Lifetimes of singly charmed baryons (pre)

By L' L', [ (initial) T,
AT | 116 x 1077 | =1.19 x 107" | 1.07 x 107" ||2.31 x 107"
= | 114 x 1077 | =195 x 107" | 331 x 107" |[3.57 x 107"
=5 [ 114x 1077 | —195x 107 [ 137 x 107" |[6.98 x 107"
Q | 1.14x 107" | —=1.01 x 107" | 622 x 107" ||1.85 x 107"
I (initial) o1 T(initial) T | Toer

223 x 1077 [ 346 x 107 295 x 107 J11.90 x 107" | 2.026 x 107"
445x 1077 | 471 x 107 [[148 x 107" |[1.40 x 107" | 1.504 x 107"
251 x 1072 | 1.84 x 10772 ||2.62 x 1077 |[3.58 x 107 || 453 x 107"
735x 1077 | 298 x 107 [10.89 x 1077 |]221 x 107" || 2.73 x 107"
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Summary and outlook



Summary and outlook

We have calculated all the matrix elements in HQE
for singly charmed baryons using the full QCD sum
rules, and obtained preliminary results.

Cheng: 1807.00916, consider dim7

Preliminary results -> central values and errors

More heavy baryons ...
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Thank you for your attention!



