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Introduction



Observation	of	the	doubly	charmed	baryon Ξ""##
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Basic	ideas

diquark
0+ or	1+

H.	W.	Ke,	X.	Q.	Li	and 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)

𝑐% and	𝑐& are	determined	by	the	flavor-spin	wave	functions
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Overview	of	LFQM
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Overview	of	LFQM

0+
1+

H.	W.	Ke,	X.	H.	Yuan,	X.	Q.	Li,	Z.	T.	Wei	and	Y.	X.	Zhang,	Phys.	Rev.	D	86,	114005	(2012)
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Overview	of	LFQM

0+

1+
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Singly	heavy	baryon	decays

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

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

Ξ""## → Λ"#𝐾*𝜋#𝜋#



14

Difficulty and conculsion

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

• 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



Weak decays of doubly heavy baryons:
the	FCNC	processes

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

• With	the	accumulation	of	data,	we	are	in	an	increasingly	
better	position	to	study	these	semi-leptonic	process.
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The	FCNC	processes
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Zero-crossing points

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



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
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Motivation

An indispensable	input	for	the	calculation	of

• the	form	factors

• lifetime

decay constant
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“Decay constants”

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)	



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

24



25

Dim-0	and	dim-3
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Dim-4
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Dim-5
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Feynman	rules

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

Contribution <	1%
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Summary and outlook



Summary

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

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

• Weak decays of doubly heavy baryons: the	FCNC	processes

• Weak decays of doubly heavy baryons: decay	constants	

• Weak decays of doubly heavy baryons: the form	factors
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Outlook

• lifetime ---- HQE + QCD sum rule

Phys.	Rev.	Lett.	121,	052002	(2018)	

Phys. Rev. Lett. 121, 092003 (2018)	

𝚵𝐜𝐜##(𝐜𝐜𝐮)

𝛀𝐜𝟎(𝐜𝐬𝐬)

268 fs vs 69 fs
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Thank you for your attention!
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Backup



backup
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The	FCNC	processes
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The	FCNC	processes
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“Decay constants”

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



Sources	of	uncertainty
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• Input	parameters:
- quark masses

- diquark masses

- shape parameters



Sources	of	uncertainty
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Varying	the	model	parameters	𝑚67,	𝛽7 and	𝛽9	by	10%	respectively



Sources	of	uncertainty
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• For	non-leptonic process,	we	have	only	
considered	the	external	W-emission	diagram

• Model	hypothesis

diquark
0+ or	1+


