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LHCb announces a charming new
particle

The LHCb experiment has reported the observation of a baryon containing two charm

* A new platform for precise testing e
standard model.

* A new platform for searching new
physics.
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Exeerimental progress >
% Cb announces a charming new
particle

The LHCb experiment has reported the observation of a baryon containing two charm
quarks and one up quark
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% Two most promising
channels!
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« Weak decays of doubly heavy baryons:

the 1/2—1/2 case
Eur.Phy.J.C(2017) 77:781

« Discovery potentials of doubly charmed baryons
Chinese Physics C Vol.42,N0.5(2018)051001

« Weak decays of doubly heavy baryons:
SU(3) analysis
Eur.Phy.J.C(2017) 77:800
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List of studies on weak decays

=+

Doubly heavy baryon weak decays: Ep, —» pK—,E}, > Zf*K~ 1701.03284
Discovery potentials of doubly charmed baryons 1703.09086
Weak decays of doubly heavy baryons: the 1/2 -> 1/2 case = 1707.02834
Weak decays of doubly heavy baryons: SU(3) analysis 1707.06570
Weak decays of doubly heavy baryons: decay constant 1711.10289
Weak decays of doubly heavy baryons: Multi-body decays 1712.03830
Weak decays of doubly heavy baryons: the 1/2 -> 3/2 case = 1805.10878
Weak decays of doubly heavy baryons: the FCNC processes 1807.03101
Weak decays of doubly heavy baryons: B.. —» B.V 1810.00541
Weak decays of triply heavy baryons 1803.01476

BOONOGO~WONE

Most of them adopt QCD-based phenomenological
model in which systematic errors can not be
estimated

QCD calculation is highly demanded
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The quark model predictions:

| Model calculation(¥) [1]

B(E,, = X107 D) 2.98x 1075
B(E,p = Epcl™D) 3.38 x 1072
B(Ep. = E,17D) 1.81 x 1072
B(Ep. = Zpl7 1) 2.06 x 1073

« Comparing to the =,, — X, processes, the branching ratio of
Epp = Zpe = 2pl Iy is still larger.

« The processes of doubly heavy baryon decay to doubly
heavy baryons are also important.

[1]. 2001.06375
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Form Factors

helicity Form Factors Numerical results

(By(PY)|(V — A),[B(Py)) = Py, s2) [Z—*;(Ml M)l + Mlc;;M? (P + Py = O = MY )4
o= g2 P~ 5Py )J u(PLs1)
+ Q4
— (P, $2)75 [Z—(M + My)go(q?) + MlQ Y2 (Pt Py, - (2 —M%)j—z)g+(q2) (0)
g, o i | O IR, T3 SR D SR D)
+(Y, Q — Py, - 0 ——P2,)9.1(q )]u(P1,81) forr 7= | 0441 008 (T2, T3) 20 032 (D) 10 05 (s9)
- - ForT=ee | 0.81610 000 (T2, T3) £5-002 (s9) 10 585 (s9)
G2 | 0288 (T, ) Ty 0 o) s o)
go"" =0 |—0.283H0 00 (T, T5) 0632 (s3) 26050 (s8)
+0.038

Zpb—Z0 10.003 /2 2+ +0.021
g1 ¢ |—0.2872 5 004(T1, 15 —0.015(3) 0.040 2)

* The parameterization are usually used in SCET and Lattice.
1111.1844

*In this parameterization all form factors are in same order.
(Reducing calculation errors)




Correlation functions

I, (P, Py) = i° / dizdtye” YO T{ .0, () (Vs Ap) 9&35@1 () }]0

hadron level
Hadron quark duality

Hadron complete set

+y+
AEA;

+ ...

 Consider the contribution of parity(+1) and (-1) .

*Masses and pole residue were also calculated using two
point correlation functions.

MYt M

12

quark level

Comparing to the Hadron
level and extract the form
factors
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Masses and pole residues the leading logarithmic
_ corrections
TABLE II: The pole residues.
This work (without the LL corrections)|This work (with the LL corrections)
- 0760 0736 000 (1°) T3 3 (50) | Am0) |\ 2770
Ao, 0.854 0.82510-000 (772 +0.060 o og o/ QCD)
A=, 0.379 0.369" 5000 (1"*) T 6037 (0) log(11/ Alns )
Aoy 0.400 0.3882:000 (1) 5:029 (50) QCD
= 0.130 0.1305 500 (7"*) T5:011 (0)
Ao 0.150 0.149* 6500 (7%) £5:612 (s0) po ~ 1 GeV
TABLE TII: The masses. A(S) L = 223 MeV
This work (without the LL corrections)|This work (with the LL corrections)|Lattice QCD [ 1]
+0.007 p2y+0.079 (4) J—
m=,, 10.166 10.1527F9-907(72)£0-079 () 10.143 A cp = 170 MeV
me,, 10.291 10.27910 005 (T%) 70 052 (s0) 10.273
ms,, 6.948 6.93570 005 (T%) 19050 (s0) 6.943
me,, 7.002 6.9980 bos (1) 0051 (s0) 6.998
ms,, 3.634 3.62970: 012 (T%) 0070 (50) 3.621 [2] [1]. 1409.0497
ma.. 3.747 3.74370 001 (T%) 70080 (s0) 3.738 [2]. 1707.01621
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Phenomenological results

Convergence of OPE

FERTEe () = 0.332(73.309% ) dimo + 0.101(22.300% ) gims -

—+ 0-014(3-063%)dim5 — 0.006(1.329%)dim6

TS (0) = 0.630(75.700%) dimo + 0.194(23.326%) gim3

— 0.003(0.310%) 4ims — 0.006(0.663% ) dime.

» For b decay processes, QCD Sum Rule calculations are dominate ed by

perturbative term.
One of the 34 diagrams

« The leading order correction in a of perturbative term need to
considered.




Phenomenological results

next to a, order contributions

One diagram contribution

FE7=(0) = 0.332(73.309%) dimo+0.0002(0.048%) . + 0.101(22.300% ) aims3
+0.014(3.063% ) dims — 0.006(1.329% ) gims-

34 diagrams!!!

 The complete correction of leading order in a is ~5%.

* The leading order in a correcctions will be considered in the future.

16

next to o, order

One of the 34 diagrams
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qz—dependence of form factors
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f(q*)

Folq)

i QCOSR resuls

o-(0%

i QCOSR resuls

- L (atbz(ed)

1 —¢*/(mpole)*

fulg?)

i QCOSA resuls

anta?]

¥ GCOSA resuls

0350

s

flg®)

¥ QCOSER resuls

f aa —

097

¥  QCDSR resuls

Numerical results

F(0)
£ | 04410008 (1T, T3) 10 030 (s9) 10 057 (s9)
F | AT 008 (7. T2) Ty o9) T B2 49)
SR | 08160 007 (T8, T5) 20047 (1) £o 000 (52)
o575 | 02850 (17, T5) P85 08 oD
T |02 (TF T T (5] T et )
T [0S TE I T S RIS D
a
fre7See | 1.200 & 0.460(T2, T3) £ 0.600(sY, s9)
fEre =0 | 1,090 & 0.440(T2, T3) =+ 0.600(s?, s9)
FIPEre | 1.030 4 0.480(T2, T5) + 0.710(sY, s9)
g7 =re | 0.040 + 0.26(T2,T3) 4 0.710(sY, s9)

ZEpb—+Ebe
0

—0.001 £ 0.255(7T¢,T5) £ 0.710(s?, 59)

Ebb—>Ebe

9.

0.100 + 0.250(7¢, T%) + 0.590(sY, 59)

b

ffbb —Zpe

—10.1 + 6.1(TZ,TF) + 7.9(s7, s9)

fOEbb —Epe

—8.6 £ 5.8(TF,T%) &= 7.9(s7, s9)

Top T Ebel _o 7 4 6.3(1TF,T5) £+ 9.3(sY, s9)
g5rr el —4.3 + 3.4(TE, TF) +9.3(s?, 59)
See=ee| 3.8 4 3.4(TF,T3) + 9.3(s?, s9)
gTrr TS| 5.1 4+ 3.3(TF, T5) + 7.8(s7, 59)
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Helicity amplitude method

dr’

dg?

dg?
dl'r

dg>

dl'y,
dg?

dl'r
dg?’

GE|Ven[*| P'[lpa| 2(mf —

2 2 2 2 1 1
¢ )lmi + 29 )(|Hz 24 H |)
27 27

16(2m)3 M3 /2 3¢2
GE|Ves|[P]|pa| 2(m} — ¢?) 2 2 52 32 —32
16(2?T)3M§ /q2 3q2 (ml +2q )(lH_% 0I + ‘Hl 0‘ )—{—3m£ (lH ‘ +|H%,t )

decay width

channel

decay width(10™'*GeV)

F(Ebb — Ebc)

1.955 £ 0.685(T2, T2) + 1.673(s?, 32)

LL(Ew = Zbe)

1.728 + 0.658(T2, T2) + 1.363(sY, s

L7 (Zsp — Zbe)

0.227 + 0.175(T2, T3) + 0.342(sY, s3)

I (be — ch)

3.005 + 0.780(T2, T%) + 4.932(sY, 53

Tr (2% — Qpe)

1.854 + 0.670(T2, T2) + 2.363(sY, s9)

T (s — Qpe)

1.151 4 0.382(T2, T2) + 2.562(s?, 59)

[(ZEpe = Zee)

4.174 +0.796(T2, T2) + 4.933(s9, s3)

FL(Ebc —r Ecc)

3.260 + 0. 730(T1 ,Tg) + 4. 272(81, 32)

FT (Ebc — Ecc)

0.914 4+ 0.279(TZ, T3) £ 0.66(s3, s9)

r (ch — QCC)

4.799 & 1. 095(T1 ,Tg) + 4. 385(31, 32

FL (ch — Qcc)

2.762 £ 0.676(T2, T2) + 2.931(s?, s9)

PT(ch — Qcc)

2. 037 + 0 867(T1 ,Tg) + 1. 454(81, 32
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decay width

channel

decay width(10™'*GeV)

F(Ebb —r Ebc)

1.955 + 0.685(TZ, T5) + 1.673(s%, s2)

I'r(Zpp = Zbe)

1.728 + 0.658(TZ, TZ) + 1.363(s5, s9)

T (ZEpy — Ebe)

0.227 + 0.175(TE, T5) + 0.342(sY, s9)

T (be — ch)

3.005 £ 0.780(T%, T5) & 4.932(s3, 59)

Tz (e — Q)

1.854 + 0.670(TZ, TF) + 2.363(s5, s9)

T (s — Qe)

1.151 + 0.382(T¢, TF) + 2.562(s7, s9)

I'(ZEpe = Zee)

4.174 + 0.796(T2, T3) + 4.933(sY, 59)

FL(Ebc — Ecc)

3.260 £ 0.730(TF,13) 4 4.272(s), 59)

I'r (Ebc —r Ecc)

0.914 + 0.279(TZ, T3) + 0.66(sY, s9)

T (ch — Qcc)

4.799 4 1.095(TZ, T7) + 4.385(s?, 59)

B —TIr
0 2 4 10
. — L

— rT
0 2 4 10

FL (ch — Qcc)

2.762 £ 0.676(TF, T3) 4+ 2.931(s), s9)

FT(QI}C — Qcc)

2.037 + 0.867(TF, T5) + 1.454(sY, s9)

] 2 x10-15 .
2 x10-15 | X

I r

3 —TIr ] -15
—~ 15x10°15 1 _ 15x10
% L {1 =2
1 (=]

0 i 0
i 1x10-15 | & 1x107
G i o
g g
5 | 1 c
5x10°% | 1° s5x10
ol 0
0 2 4 6 8 10
¢
ax10-5- '

[ — T 1 3.x10°%
_3xi0tsp —Ir 1 25x107's
£ &
A ] o 2x1078
& 2.x1015 3
5 i S 15x107
g g .
S sk 5 1.x10

i 5 x10-16

O_I 1 1 L 0
0 2 4 6 8 10
e

* The error of s7, s

0

represent the dependence

of 59, s9.

0

* The error of T, T2
represent the error in
calculation.
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QCD Sum Rules compare with model calculation

| ourwork (10 *GeV) Model calculation (10~ 1*GeV)[1]| Model calculation(10~14GeV)[2]

[(Epy = Epcl D) 1.940.7 6.02 3.30
[(Epy = Epcl D) 3.0+0.8 5.24 3.69
[(Ep, = Epl D) 4.1+0.8 4.26 4.50
[(Epp = Epcl D) 4.7+1.1 4.11 3.94

* Our predictions are consistent with model calculation.

[1]. 2001.06375
[2]. 1707.02834
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O

* \We have adopted QCDSR to investigate the weak decays of spin-1/2 doubly-heavy baryon to spin-
1/2 doubly-heavy baryon.

« On the OPE side, the b — ¢ processes of doubly heavy baryon decays are perturbative term
dominate.

« \We estimate the next to ag order contribution ~5%.

« \We have also considered the contribution from the negative parity baryons to eliminate the
ambiguousness on the choice of the form factors.

* No model-dependent parameters are introduced.

« Qur results are comparable to other works.




Thank you for your attention!

23




