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Key point is to calculate form factors

First try in the light-front quark model
Wei Wang, Fu-Sheng Yu, Zhen-Xing Zhao

From Prof. Lu’s slides
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Weak Decays of Doubly Heavy Baryon : =°, —pK~ and =*_—2, , K"
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R.H. Li, C.D.Lu, W.Wang, F.S.Yu, Z.T. Zou

Weak Decays of Doubly > Spectroscopy

Heavy Baryon :

the sequel » decay constant
> lifetime

» SU(3) Analysis

» 1/2->1/2 case

» FCNC channels
» 1/2->3/2 case

» Light quark decay




Sy x> A4 )
YiEXAA%

SHANGHALI JIAO TONG UNIVERSITY

e

Observation of the doubly charmed
baryon _'H‘

Phys.Rev.Lett.
119, 112001 (2017)

LHCb collaboration'

Abstract

A highly significant structure is observed in the AT K~ 7+ 7" mass spectrum, where
the A baryon is reconstructed in the decay mode pK 7. The structure is
consistent with originating from a weakly decaying particle, identified as the doubly
charmed baryon =1 . The mass, measured relative to that of the A} baryon, is
found to be 3621.40 :I: 0.72 (stat) + 0.27 (syst) & 0.14 (A}) MeV/c?, where the last
uncertainty is due to the limited knowledge of the AT mass. The state is observed
in a sample of proton-proton collision data collected by the LHCb experiment at
a center-of-mass energy of 13 TeV, corresponding to an integrated luminosity of
1.7fb~!, and confirmed in an additional sample of data collected at 8 TeV.



e N

Weak Decays of Doubly Heavy Baryon : =° —pK~and =*_—2, K"
R.H. Li, C.D.Lu, W.Wang, F.S.Yu, Z.T. Zou

Weak Decays of Doubly Heavy Baryons: the 1/2—1/2 case
Weak Decays of Doubly Heavy Baryons: the SU(3) Analysis
Weak Decays of Doubly Heavy Baryons: decay constant

Weak Decays of Doubly Heavy Baryons: lifetime

Weak Decays of Doubly Heavy Baryons: the FCNC channels

Weak Decays of Doubly Heavy Baryons: the 1/2—3/2 case



Quark-diquark picture 1707,02834,W.Wang, F.S.Yu, Z.X. Zhao
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Weak Decays of Doubly Heavy Baryons: the SU(3) Analysis
W. Wang, J. Xu, Z.PXing, 1707.06570
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» Decays into a charmed baryon
and a light meson

» Decays into a light octet baryon
and a charmed meson

» Decays into a light decuplet
baryon and a charmed meson
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Global fit in future?
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Karliner, Rosner,
2014

Kiselev, Likhoded,
1998

Kiselev,
Likhoded,2002

Guberina, Melic,
Stefancic, 1998

Chang, Li, Li,
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D-mesons

D = (uc) | DT = (de) | Df = (5¢)
Mass (GeV) [[1.86491(17)] 1.8695(4) | 1.9690(14)
Lifetime (ps)|| 0.4101(15) | 1.040(7) 0.500(7)
7(X)/7(D°) 1 2.536 + 0.017[1.219 4 0.017
T(D+)HQE 201 — 92940 4(hadr0nic) +0.03(scale)
T(DO) : : —0.07 )
A. Lenz, T. Rauh, 1305.
T(D+)HQE2013 :y+0.04(scale) ene . 305 3588
: = 1.19 4 0.1 2hadronic) T -
T(DO) —0.04 )
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» D->P,P,lv

» Why D->P,P,lv?

» Theoretical Analysis




D->Pl v& D->VI v

S

@ Hadronic current (q2 = (pg + pg€)2) in case of D decays to pseudoscalar meson

(PlpIVHID(pi)) = o
fr(q°) ((Pi +pe)t = T (i — pf)“> + fo(q*) =2z (pi — pr)"

o f.(g%) and fy(g?) are form factors
e neglecting the lepton mass only one form factor contributes

dr G2 2 3¢P( 2

@ Extract CKM matrix elements and test of LQCD calculations




KOt u, ( 8.90+ 0.15) %
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K= rt
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K~ " " v, nonresonant (21 4+ 05)x103
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Scalar Mesons: Two nonets

ans—1 B I
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£,1370)
71 .- a,(1470) a;1470)  +
449 0(1470< £,(1500) 1,(1710)
K. (1430) K, (1430)

x(800) x(800)
qq/ qzq2 a; (980) "fogz‘()); >ag(980) +  o(600)

x(800) x(800) 20




V== VA it ﬁ%vs I

K(800)

a; (980)

x(800)

21



NEAXDHE. BERES?



Scalar Mesons: Two nonets

1£o(600)) = %uaw + 1dd)y) = |n),

£o(980)) = [5s),  a0(980)) = %daw ~ |dd))

lay (980)) = |id), lag (980)) = |du).

|fo) = |5s)cos + |fan) sin 6,
oy = —|8s)sinf + |fin) cosé.
A= AD+ — aSi+o). ADY = fol*v)

e .
l+
1%
c d
i i

Lu, WW, PRD82, 034016 (201

— —sinfA,
ADY — alte) =

—cosfA,

B(DH — apltv) = B(DY — fylTv) + B(DT — oltu)
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Scalar Mesons: Two nonets

v
o) = tudd, |fo) =|Ands),
¢
lag) = : (it — dd) 55
0 - T = 5
! 1|II.lll,r'i'-. 4
4+ 7. = - - l.
lad} = |duss), |ag) = |udss)
Kt} = |sudd), |&") = scﬁu: d
fYy = |dsiw), |&™) = |usdd). )
A= A(DT — a8itv).
|fo) = |Ans)cosd + |Gudd) sin o, .
T T S ADT — foltv) = —(cosd + v2sind) A,
o) = —|nnds)sing + |wudd) cos o, _ !
A(DT — al™v) = (sind — v2cosd) A,

B(D+ — ajltv) = %[H(D"‘ — folTv)+ B(DY — altu)].

n_ B(DV* — foltv)+ B(Dt — altv) {1 two quark

B{D+ — agl+v) 3 tetra-quark
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Red: P-wave
Blue: S-wave
Black: Total
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YJ. Shi, WW, S. Zhao 1701.07571
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B(D* — folTv)+ B(Dt — oltv)

PFEME:
Red: P-wave Blue: S-wave Black: Total

The S-wave branching fraction for 2m, < m,, < 1.0 GeV is given as

(6.99 £ 2.46) x 1074,
(7.20 +2.52) x 1074,

B(D™ = (atn7)ge 0) =
B(D™ = (xtan 7 )su ™ v) =

Y.J. Shi, WW, S. Zhao 1701.07571

B(D+ — apltv)

| 1 two quark
3 tetra-quark

Lu, WW, PRD82, 034016 (2010)
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d°T
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C.L.Y. Lee, M. Lu, and M. B. Wise, Phys. Rev. D 46, Meissner, WW, JHEP 1401 (2014) 107
5040 (1992).
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oA SR A RS

4T ! (4 + 2m3)| AY|? + 617 | AV
dq2deﬂdCOS(9K 3 g 11471

+V/3(8 + 41m?) cos O Re[AJAL*] + 1231} cos O Re[AY AL
+(12 + 61m3F)| Ab|* cos? O + 1817 cos? Ok | Af|?

+(6 + 30mF) sin® O (| AL + | Al )} (4.23)

3fA

s ! 43T
= d cos 6
EB [/0 / ] o8 qu2dm _dcosfk
3
g( m?)Re[AJAS] + Tm%Re[A?A%*] :
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FIG. 2 (color online). (a) Comparison between the S-wave phase measured in various experiments analyzing the D™ — K~ 7+ 7"
channel (E791 [6], FOCUS [7,8], and CLEO [9]) and a fit to LASS data (continuous line). The dashed line corresponds to the
extrapolation of the fitted curve. Phase measurements from D™ decays are shifted to be equal to zero at my. = 0.67 GeV/c?. (b) The
S-wave amplitude magnitude measured in various experiments is compared with the elastic expression. Normalization is arbitrary
between the various distributions.

BaBar:Phys.Rev. D83 (2011) 072001
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50:1

Expected data set increase and ~ increase in inst. Luminosity

50 LHCb Upgrade Belle I BaBar + Belle ?

1  LHCb today  BaBar + Belle CLEO ~ BESIII

the energy increase from 7/8 TeV to 13 TeV at the LHC
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