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Observation of the doubly charmed baryon E};
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Basic ideas
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H. W. Ke, X. Q. Liand Z. T. Wei, Phys. Rev. D 77, 014020 (2008)
H. W. Ke, X. H. Yuan, X. Q. Li, Z. T. Wei and Y. X. Zhang, Phys. Rev. D 86, 114005 (2012)

|BYPYYS = ¢g|B, [di]) + ca|B, {di})

cs and ¢4 are determined by the flavor-spin wave functions



Overview of LFQM
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Overview of LFQM
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Overview of LFQM
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Singly heavy baryon decays

TABLE X: A comparison with some recent works for semi-leptonic bottomed decays.

channel

this work other theoretical predictions

experiment [83]

A) — pe~ v,

A’\(b) — “'\3—6—17(;

3.14 x 1074

8.83 x 1072[6.9 x 1072 [88], (5.32 £ 0.35) x 10~2[51]

2.9 x 107%[84], (4.80 £ 0.99) x 10~*[51] (4.1 £ 1.0) x 10~*
(6.2713) x 1072

TABLE VIII: A comparison with some recent works for semi-leptonic charmed decays.

channel

this work

other theoretical predictions

experiment [83]

AT = nev v,

A — Aety,

= - Yt
=F — Aefr,
:+ - :(’€+1/~;
=0 - T ety

=0 5 ="etre

2.01 x 1072

1.63 x 1072

1.87 x 1077

8.22 x 104
5.39 x 1072
0.47 x 107

1.35 x 1072

(2.7 4+ 0.3) x 1073 [80], 2.07 x 1073 [84], (
2.72 x 1072 [88], (

(4.10 £+ 0.26) x 1072 [53] - -

(3.80 % 0.22) x 10~2[52]

(3.6 +0.4) x

102

(0.8 40.1) x 1073 [80] -

(2.5+0.4) x 10~* [80] - -

(3.3813:32) x 1072 [81], (3.0 £ 0.5) x 1072 [80] - -
(60 = 8) x 10~ [80] --

(4.87 £1.74) x 1072 [81], (11.9 + 1.6) x 102 [80] - -

Z. X. Zhao,

Chin.Phys. C42 (2018) no.9, 093101




Weak decays of doubly heavy baryons:
the 1/2 ->1/2 case

W. Wang, F. S. Yu and Z. X. Zhao, Eur.Phys.J. C77 (2017) no.11, 781



The 1/2 -> 1/2 case

First observation of the doubly

charmed baryon decay
ElT > Efnt

LHCb collaboration®

Abstract

The doubly charmed baryon decay Ef+ — Zfnt is observed for the first time,
with a statistical significance of 5.90, confirming a recent observation of the baryon
in the AT K~ n*n+ final state. The data sample used corresponds to an integrated
luminosity of 1.7fb™!, collected by the LHCb experiment in pp collisions at a
center-of-mass energy of 13 TeV. The S5 mass is measured to be

3620.6 & 1.5 (stat) &= 0.4 (syst) & 0.3 () MeV/c?,
and is consistent with the previous result. The ratio of branching fractions between
the decay modes is measured to be

B(ELY = Efnt) x B(Ef — pK—7™)

B(ELT - ATK—nt7nt) x B(AT — pK—7+)

arXiv:1807.01919v2 [hep-ex] 6 Jul 2018

= 0.035 == 0.009 (stat) & 0.003 (syst).

TABLE XXII: Partial decay widths (in units of GeV) and branching ratios for non-leptonic decays of the
doubly charmed baryons.

channels '/ GeV B channels '/ GeV B B(H_H_ = _|_ _|_) 714 % 10~2
EL s Afnt 887 x 10715(4.05 x 1073 |25 = AfpT [2.32 x 10714]1.06 x 1072

B(ErT — ~’+7r+) 5.00 x 1072
EXt - Atal [1.02 x 10714]4.66 x 1073|E5F — ATK T [7.79 x 10716|3.55 x 10~* —cc =c .
EXF - AFK*T [1.09 x 1071%]4.98 x 1074 = +

_>

Eff o> Xfrt 575 x 10715(2.62 x 1073 |2 — T pt (247 x 10714(1.13 x 1072
EL -5 SHK* [1.28 x 10715(5.83 x 107425t — SHKT (4.22 x 107161.92 x 10~ ~ 107.8 MeV
=+ _y St 13¢5 14 % 10-2p=++ —y =+ o+ —13 & Mgt —mgr = 107.8 Me
ELr o Efnt 157 x 10713714 x 107 2)ESY — EFpT [3.03 x 10713(1.38 x 10 Se =
EfF 5 EFK*T (119 x 1071(5.44 x 1073 |2 - EF KT [1.31 x 10714(5.97 x 1073
Xt S Ehat (1,10 x 1071315.00 x 102|25F — EFpt [4.12 x 107131.88 x 107! 11
Bt - ~'+K*+ 1.87 x 10714[8.54 x 1073|= ”++ — EFKT(7.48 x 1071%(3.41 x 1073




Weak decays of doubly heavy baryons:
the 1/2 -> 3/2 case

Z. X. Zhao, Eur.Phys.J.C78 (2018) no.9, 756



Motivation
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Difficulty and conculsion

* Difficulty: The vectorial spinor for spin-3/2 baryon

u = (= 2 (4" + o) )u

1 3
ua(p’ )‘) — Z <§7)\17 17>‘2|§7)‘> X U(p, )‘l)ea(pa )\2)
A1,A2

 Conculsion: Approximately one order of magnitude
smaller than its 1/2 to 1/2 counterpart
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The 1/2 -> 3/2 case

Table 16 Nonleptonic decays for the cc sector

Channels ['/ GeV B Channels ['/ GeV B

BXt > Txtgpt 1.16 x 1071 5.28 x 107* EXt — Dot 3.78 x 1071 1.73 x 1073
Bt — TrHK*t 1.60 x 1071 7.31 x 1072 EXt » oKt 4.97 x 10717 2.27 x 1073
Ert — Eitgt 2.23 x 1014 1.02 x 102 Ert — Extpt 4.65 x 10~14 2.12 x 102
Bt — gtg*t 1.25 x 1071 5.70 x 10~ EXt — gkt 6.95 x 10716 3.17 x 1074
B — X0t 2.32 x 1071 3.52 x 1074 EY — 20t 7.57 x 1071 1.15 x 1073
Bl — LXKt 3.21 x 10716 4.87 x 107 B — XK+ 9.95 x 10~ 1.51 x 1073
Bt — EX0q+ 2.23 x 10714 3.39 x 1077 B — EX0pt 4.65 x 10714 7.07 x 1073
Ef — oK+ 1.25 x 1071 1.90 x 10~* Ef — g+ 6.95 x 10716 1.06 x 10~
Qt — EF0g+ 1.10 x 101 1.68 x 1074 QFf — 0ot 3.64 x 1071 5.53 x 107
Qf — EA0K*+ 1.53 x 1016 2.32 x 1073 Qf — EF0K+ 4.74 x 1017 7.20 x 10=°
Qt - Q¥0xt 4.25 x 1071 6.47 x 1073 Qf — Q*0pt 9.49 x 10714 1.44 x 1072
Qt — Q*0g*t 2.63 x 1071 4.00 x 1074 Qr - QXK+ 1.36 x 1071 2.07 x 1074

B(EIT » EX at) =1.02 x 1072
=t BT

—c

=) 5 Bt
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Weak decays of doubly heavy baryons:
the FCNC processes

Z. P. Xing and Z. X. Zhao, Phys.Rev. D98 (2018) no.5, 056002



Motivation

* FCNC processes are considered to be an ideal place to the
precise test of Standard Model and the search for new
physics, while the discovery of the doubly heavy baryon
provides us a new platform.

e With the accumulation of data, we are in an increasingly
better position to study these semi-leptonic process.

17



The FCNC processes

R s =
B o o o

dBR/dq*(107GeV~?)
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FIG. 3: dB/dq* for =}, — =71~ with I = e, pu,7. The blue solid line, the red dashed line and the black dotdashed line

correspond to the cases of [ = e, u, 7, respectively. Here the resonant contributions are not taken into account.
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FIG. 4: Same as FIG. 3 but for (L"ipg/dqz.
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Zero-crossing points

TABLE XIX: Zero-crossing points of dArp/dg®> and R defined in Egs. (51) and (52) for b — s process with [ = e/p.

channels so/ GeV?|R(so)| channels |so/ GeV?|R(so) channels so/ GeV?|R(s0)
By — Epl Tl = = BS = — BRI

e g 2.01 0.30 | _, 07— 2.80 061 | 0 _o,4,— 3.12 0.68
Ep — Zp U1 Epe — 2l Epe — 2l

oy — 1T = — Bt =g — Bt

| 288 0.43 | _, 04— 302 0.66 | 50 0,4, 2.87 0.62
Epp — Sy U1 e > 2 LT e 2> 2 LT

Q,, = QT 288 042 Q). QAT 3.00 065 |Qp — QAT 2.80 | 0.60

TABLE XX: Same as XIX but for b — d process.

channels so/ GeV?|R(s0)| channels |so/ GeV?*|R(so)| channels |so/ GeV?|R(so0)

g — AT 1.96 L AT 281 | 0.61 |Ef — AFITI 3.09
s 029 | & o 0 01t 0.67

Qpp — Zp 111 2.00 Qb — Eoltl 2.77 | 0.60 | Q. — ETI 3.11

By — Daltl SRS A SRS Y Al i

7 S| 288 |043 | 0| 302|066 | 0 o | 291 |063

Epp — 2 U Epe —> 2l Epe —> 2l

Q,, = =, 1717 288 |042 [Q). - ER1TI7| 3.01 |0.65 | — =2 2.84 |0.61

B — K*%(— Km)utpu so = (3.14+0.1)GeV?

C. D. Lu and W. Wang, Phys. Rev. D 85, 034014 (2012) 19



Weak decays of doubly heavy baryons:
decay constants
(with QCDSR method)

X. H. Hu, Y. L. Shen, W. Wang and Z. X. Zhao, Chin.Phys. C42 (2018) no.12, 123102



Motivation

An indispensable input for the calculation of
* the form factors

e |ifetime

(0lJr|H (g, 5)) =|Anpu(g, 5)

decay constant

21



“Decay constants”

Baryon|This work #1 |This work #2| Ref. [41] | Ref. [42] Ref. [55] Experiment
Eee 3.68£0.08 | 3.61+0.09 [4.26+£0.19| 3.57+=0.14 | 3.610 £ 0.023 £ 0.022 |3.6214 £ 0.0008
Qee 3.75+£0.08 | 3.69+£0.09 [4.25+0.20| 3.71 £0.14 | 3.738 = 0.020 £ 0.020 - -
bb 10.16 = 0.09 | 10.12 4+ 0.10 [9.78 £0.07|10.17 £ 0.14|10.143 £ 0.030 £ 0.023 - -

Qpp | 10.27£0.09 | 10.19+£0.10 |9.85+0.07{10.32 + 0.14|10.273 £ 0.027 & 0.020 - -
Zbe 6.95+0.09 | 6.89+0.10 [6.75%+0.05 - - 6.943 £ 0.033 = 0.028 - -
Qpe 7.01+£0.09 | 6.95£0.09 |7.02+£0.08 - - 6.998 + 0.027 £+ 0.020 - -

Z.G.Wang,Eur.Phys.J.A45,267(2010)
Z.S. Brown, W. Detmold, S. Meinel and K. Orginos, Phys. Rev. D 90, no. 9, 094507 (2014)

Baryon|This work #1|This work #2| Ref. [42]
Zee 0.113+£0.029]0.109 £ 0.021 [0.115 £ 0.027
Qce 10.140£0.033 [ 0.123 £ 0.024 {0.138 £ 0.030
Epy | 0.303 £0.094 | 0.281 4+ 0.071 |0.252 £ 0.064
Qppy 10.404 £0.112|0.347 £+ 0.083 |0.311 £ 0.077
Epe  10.191 £0.053|0.176 4 0.040 - -

Qpe  |0.217 £ 0.056 | 0.188 4+ 0.041 - -

22



Weak decays of doubly heavy baryons:
the form factors
(with QCDSR method)

Y. J. Shi, W. Wang, and Z. X. Zhao, arXiv:1811.xxxxx



12 Dirac structures

(p, + M) (P13 + Fo + F3vy,) (p, + M)
(p? — M?)(p5 — M3)

I, = A1 A2

PoPrup,
PoP1u
PoP2up,
PoP1u
DoVl
Py
P1up,
Pipu
P2up,
P2

VuPy
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Dim-0 and dim-3
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Dim-4

~— S— — =
2 d 132 993 994 14§ 146
ANV N AN AN
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Dim-5

\A/ \,i/ /\ i/\

1311 9992 1993
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Feynman rules

/ = 22 Gabcéabc/(d4k)2 /(d‘;k)g, /(52?4/(;jr1))4

S T ) (e s 060 )

kQ +¢ my 7 2~
+e! v
Z' Sulig ) (5 ) 560G 0)) Z' b
P — ko — ks +mua . " 2 duyp - P — Ko — ks +ii+m o
Y
l )
Py— Ko —Fs—p+mi ¢
v
7
5a’c
%3 —ms3
71/75]

1 term, 15 gamma’s -> 2 terms, each with 19 gamma’s

Contribution < 1%
28



Summary and outlook
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Outlook

o lifetime --——- HQE + QCD sum rule

=+t
Phys. Rev. Lett. 121, 052002 (2018) Ece (ccu)

0.256 79055 (stat) =+ 0.014 (syst) ps

Phys. Rev. Lett. 121,092003 (2018) | 09 (css)

268 fs vs 69 fs

31



Thank you for your attention!
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Backup
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The FCNC processes

°r |P'||p1]
dg*dcos®  16(2m)3M2+/q?

M2

1
M2 = §|)\|2(IO + I cos 0 + I cos 20)

3 e

71 Va_l
Io = (¢ +4m])(|H ¢ 2+IH;,02 )+ (54

_lo +2ml)(|H ,2 2+|H__ ,—1 2)

A, 52
+(q* - 4mz2)(—|H1

al Aa_l
!H "~ P HIHTZ P+ H 2P
2

1
+8mz(|H |2+|H 7 [2),

I, — 4\/q (¢ — 4m? Re(H1’2 H1’2 _H

1 1
I = S(q*—amd)(H] P4 1HE P -y

2 Va_l 2
2 29 _lO —2|H%,O 2|

+|H 2 2+|H

1 _1 _lo

’1 2 A’_lQ
> o[HME P - 2H R,



The FCNC processes

dr’ P||p
L I)\|2 | ||p1|

dg® 12(27)3 M2 /g2 {(

’1 147_l
(" = Am)([H2 1 + [Hy 2 )

1
@+ 2mf)(|HYS 2 + | HY 2 2)

Aa_ a_l
+emP([HE 2+ Hy 7 )
dl'r I)\|2 |ﬁ,||ﬁ1|
dq? 12(27)3 M2/ ¢?
Al A—1
(g2 — Am)(|H 2 P+ [HY 2 1))

{(@+2md) (Y P+ 12 )

df_lFB — (fl f 1)dcosedq2dcos9
dq2 fO +f 1)dcosedq26f125089

dArB I

dq2 B 2([0 — [2/3)
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“Decay constants”

Zoq — Cabe (QZCTLLQI)) Y Y54c;

Ebe \/ieabc (bZC”YMCb)’VM”% dc

V. Braun, R. J. Fries, N. Mahnke and E. Stein, Nucl. Phys. B 589, 381 (2000)
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Sources of uncertainty

* |nput parameters:
- quark masses

my = mg = 0.25GeV, mg=0.37GeV, m,=1.4GeV, my = 4.8GeV.
- diquark masses
Myq = 0.90GeV,  mp,q = mge = 0.60GeV,
My} = Miudy = Mygay = 0.77GeV, myea = myge = 0.87GeV, my = 0.97GeV.
- shape parameters

Bojud) = 0.66GeV,  Byrus) = Bpjas) = 0.68GeV, By = 0.78GeV,

Bejug) = 0.56GeV,  Beiug) = Beldgs) = 0.98GeV,  Beiss) = 0.66GeV,

Bs[ud) = 0.45GeV,  Bgus) = Bsjas) = 0.46GeV,

Bajua) = 0.40GeV,  Bypus) = Bdjas) = 0-41GeV,  Byresy = 0.44GeV,

Bujud) = 0.40GeV,  Byus) = Bujas) = 0.41GeV, B 155 = 0.44GeV. 38



Sources of uncertainty

AT — A
Varying the model parameters my;, ; and ¢ by 10% respectively

T(AS — Aetv,) = (5.3640.03 £ 0.10 £ 0.07) x 1074,
T(A} — Ant) = (4.77 £0.08 & 0.14 & 0.34) x 1074,
T(A}Y — ApT) = (1.39 £ 0.01 & 0.02 £ 0.02) x 10713,

L(Af - AK™) = ( )

T(A; = AK™") = ( )

3.47 +0.04 + 0.11 + 0.22) x 1071°,
6.47 +0.02 & 0.10 & 0.19) x 10712,

39



Sources of uncertainty

* For non-leptonic process, we have only
considered the external W-emission diagram

* Model hypothesis

diquark
O*or 1
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