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Discovery of =+t Quark Model
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Met+ = (3621.40 & 0.72 & 0.27 & 0.14)MeV.
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Fu-Sheng Yu, Hua-Yu Jiang, Run-Hui Li, Cai-Dian Lv, Wei Wang et al, Chin.Phys.C 42 (2018) 5, 051001
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While the existence of this particle was expected, the finding 1s the first high-precision observation of a
baryon containing two heavy quarks.

Found!

JP=1/2¢ (a)

With no doubt, this observation will make a great impact on the hadron spectroscopy and 1t will also
trigger more interests in this research field.

W. Wang, Z. P. Xing and J. Xu, Eur. Phys. J. C (2017) STt
Y. J. Shi, W. Wang, Y. Xing and J. Xu, Eur. Phys. J. C (2018)
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SU(3) Analysis

SU(3) light flavor symmetry is a powerful tool to analyse decays of heavy hadrons.

=1 (ccu) = (beu) =, (bbu)
ch — E;I_C(CCCZ) ] Tbc — E(gc(bcd) y Tbb —
QF (ces) QY (bes)
m° n
0 Af =t Vit ve
Ts=| -AF 0 =0 |. Mg=1 =~
= -2 0 K~

B8
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MU xZ CKM matrix elements

In general, charm quarks decay to light quarks into three categories:

7 k
1. Cabibbo allowed: c — sdu Vcsvud ~ 1
7 — >k b S .
2. singly Cabibbo suppressed: ¢ — udd/SS ‘Vcsvus‘a \VCqud\ ~ sin ¢
. — % . 2

3. doubly Cabibbo suppressed: ¢ — dsu Cdvus ~ sin” O¢c

Vud| Vaus| |Vubl 0.97370 4 0.00014 0.2245 4+ 0.0008 0.00382 + 0.00024

Vial Wl Vel | = 0.221 4+ 0.004 0.987 +£0.011  0.0410 4 0.0014

Vidl |Vis| Vil 0.0080 + 0.0003 0.0388 = 0.0011  1.013 4 0.030

These operators transform under the flavor SU(3) symmetry as

303®3 = 39306515. — Hj Hg Hiys >
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Nonleptonic Decays

* Decays into a singly charmed baryon and three light pseudo-scalar mesons

Heﬁ - al(TCC)i(TCé)[ij] MlngkMgl(Hg)ler + GQ(ch)z(TCE_B)[Z]]MngTMln(Hg)fri + ..
C ® .
SN
e
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The effective Hamiltonian can be derived as Feynman diagrams for some channels can be
| | presented
Heg = an(Tec)' (Tog)iy My My M (H)i? + ol L)' (Do) MM MY (H), g
+05(To) (T )i M My M BT + () () M M MY () .9 .
() (T, ) g MY M D (H™ + () (T, ) g M MM () T ’ =1
ta7(Te) (Tg) jy M MEME (Hy)'™ + (T ) (T ) g MI ME M (H) ™ : ®
+a9(ch)Z(Tc3)[l M]Man( A +a(T) (T c3)[k]M'ijMn(H_)kl
tan(Te) (T cg)[kmM”M My (H)y' + aralTee) (T g) ) M M3 M (Hg) C C ¢ —
+a13<ch>@<Tcg>wM V(R + ana (o) (T MM M B : — i —
(T (Teg) g M DM M BB+ g (L) (T MM M (B

+<(Hg) — (H5),a = b).
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We can find the relations for decay widths in the SU(3) symmetry limit

(O > ATt K K™) =T(QF —» AF'K K)) = 30(QF, — AF n),

P At IO = AN e ) = € A D)

i 1
LEF - Erataly) =T(EL - Eataly) = 4F( oty Flptaty) = 3F(ch+ — =0 JrK'ijO),

KK

1
T(QF - EFata’K™) =T(QF —» 200K ) = [(QF, — Eraln~K+) = TQL — Edrtat k)

C

What we're showing here 1s the decay channel of Cabibbo-allowed.
These circled decay channels might be helpful to search for = , and new decay channels for =17

—cc "’

at LHC, since their branching fractions are sizeable, and the productions are easy identifiable.

51210



The effective Hamiltonian can be derived as

Heg =
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Nonleptonic Decays

* Decays into an octet light baryon with charmed meson and two light pseudo-scalar mesons

o1 (Toe) 30 (To)E D7 MEME(HG)™™ + 03(Toe) e (To)E T MPMi (Hg)™ + £3(Toc) €0 (To)E D M2, ML (Hi) ™
tea(Tee) 'eigh (To )£ D" MAME(H3) + 5 (Tee) et (To)E D" MM (Hp)?™ + 6(Tec) €13k (Ts)E D M My (Hg
or(Tee) eigu (T WD M M (Hg)i™ + cs(Toc) i (Te) D™ Mu M2 (Hg) i + co(Tec) e (To) D™ M M (Hg )i
+e10(Tee) it (To)F D My M7 (Hg)3™ + en1 (Tee) e (To)f D™ My My Hg )i + ca2(Tec) e (To)i D" MY My (Hg)
ens (Tee) e (Ts)F D M3, My (Hg) ™™ + c1a(Tee)"eije (Ts)F D MIMA (Hg)™ + e15(Tee) " eiu(Ts)F D M7 My (Hg )i
ers(Tee) e To) D MO ME(HS)™ + e17(Toc) €6 (To) D' M, MP (Hg)™ + c18(Tec) e (Te) S D MM (Hy) ™
+erg(Tee) i (To ) D MEM (Hg ™ + cao(Tee) e (To)E D MEMEA (H) ™ + e (Tec) " eiju (Ts)f D M, My (Hi) i
+enn(Tee) "eiji(To)f D' My My (HgYn + caa(Tee) eiji(To)E D' My My (Hg)in + e2a(Tec) eiju(Ts)F D My, M3 (Hz) ™
+e25(Tec) e (Ts)F D M ME(Hg)™ + c26(Tee) e (Ta) DT MEME, (Hg)'™ + er (Toe)"esgi(Ts)E D M ME (Hyg) "
+oas(Tee) sga(T8) D" My My (HgYo" + cao(Tee) €x5 (To) D My My ()™ + a0 Tee) €40 (To) D" My, M ()3
51 (Tec) exsi (To)F D MEME, (Hg)™ + es2(Tee)exit(To ) D M ME (Hg)i™ + c33(Tee) s (To)S D' M, MP (Hg) i
Fesa(Tee) exe (Ta)E D MMy, (Hg)i™ + 35 (Tee)"ijn (T5)F D My ME(H5)™ + c36(Tee)"eijic(To)F D M, My ()™
te37(Tee) e (To)E D7 MEME (Hs )™ + c38(Tee) e (To)E D7 ML ML (Hp)2' + c30(Too) ™eisn(Te) D" ML MT, (Hp)?
tean(Tee) ™ e (Ts)t D" My My, (Hg)2 + eq1(Tee)™eiu(Ts)y D" MEM(H ) + cao(Tec) €5 (Ts)E D™ Mip M (Hy)
+eas (Tee) e (Ts)F D™ MP M (Hg) + cas (Toe) ™ eisu (T) D' MEME(Hg) ! + ca5(Tec) i (T6)F D MEM? (H)
+eas (Tee)™eigie(Ts)F D" My M (Hg) ¥ + car (Tee)™eiin( Ts)F D™ MEM(Hg) + eas(Tec) ™ eie(Ts)F D M My (Hg)¥

+((Hg) = (His),c > d). (10)

Feynman diagrams for some channels can be presented
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Nonleptonic Decays

By expanding this effective Hamiltonian, several relations for decay widths can be found in the
SU(3) symmetry limit:

T'(EXT —» D'A%rtat) = 40(ELT — DYA 7270 = a0 (EE, —» DA%t #9),

T{E T = DUEah) = o (ELT = D2 retaY).

e

Ejj  DTPK— 7T process is not found

51410
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Nonleptonic Decays Golden channels




Quark Model

Ot
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The last missing pieces of the lowest-lying baryon multiplets in quark model!
W. Wang and J. Xu, Phys. Rev. D (2018)
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« 2. r decays into two D-mesons and a light baryon
The corresponding Hamiltonian can be A number of relations for decay widths can be readily

constructed as: deduced :
Hep = a1 eiju(Ts) DD (Hy)h, + ﬂ-zﬂjcjfijk(fs)?ﬁﬁ“(ﬂﬁ)ij T — DUOrEt) =T{@5 - D0,

m

—= ki - =\ =kl i =0
+a3 QT eiin(To) D' D™ (His) + aat (Tho)ieD D (His) . Tt = DTD'n) =T(Qf = Dy D;E),

cce
PR DIy =T{a = o el

Feynman diagrams for some channels can be Tt - DtDHAY) = %F(Qjcj - B RE,

cee cce cce

presented, . F(Q—I——I— i DOD-I—EI-I-) = F(Q++ g D;—D+E’U) = F(Q-I—-I- % D+D+E’0),

T = D'OrA =T - B A =T - Do BY,

cce cce cce

Pl = DYt A = PO =2 DY)

cce cce

cCce cce

1 1
= EF(Q++ <+ DTDTAY) = 5F(Q++ —+ DIDTEY).

5177
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« {2, decays into Tj.and a B.meson plus a light meson

oV U
O QD
< S
w @
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N ~
G %
M X

b — ccd/s
The corresponding Hamiltonian can be constructed as:

Hegp = b1, (The)iBe(Hs)' + boQpyy (Toe)i B M (Hs) .
Feynman diagrams for some channels can be A number of relations for decay widths can be

presented: readily deduced:
— > 'y - > 1O =0 OB _ lI'\ ()~ =) —
s/\ I A b e © i W T, (S, = Zpem Be) = ) (Qp = Epem Be)
I‘.‘ b The |'I {X) 1

= 5F(Qb—bb — Qp.K°B,) = 3T(Q,, — Ep.nBe.).

51814
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Nonleptonic Decays

« (2,,, decays into a T;,.and a B-meson and a light meson.

b = cud / S A number of relations for decay widths can be

The corresponding Hamiltonian can be readily deduced:

, 1
constructed as: F(Qz;;b =% Qch_WU) = §I‘(Q§)b > ngoqr“) :
Heg = c1Q(Toe)iB’ (Hs): + 02y (Toe)i B M (Hs)!

¢35 (The)i B’ Mi(Hs)} + c4Qpy (Toe)i B M) (Hy)y.

Feynman diagrams for some channels can be presented:

b X b . b X @

o

Ty,

Qo Qi Qe Qi

19T
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Nonleptonic Decays

o (2., decays into two B-mesons and a singly charmed baryon (antitriplet or sextet)

b — cud / S A number of relations for decay widths can be

The corresponding Hamiltonian can be readily deduced:
constructed as:

— T - )
o e (. =B B™AT) =0, - B"B.Z,),
Heg = difl,. B BJ(Tcg){ik](Hs)? + dofd,, B BJ(Tca){ik](Hés)f o & P

I, » B B EN =00, + BB &),
Feynman diagrams for some channels can be

B =l 0
presented: [((y, — B™BE!) = ZF(beb_)B BE;)=T(Q,~ BB E)

A ¥ N, - BB E) = a0(0, » BB'2") = I(;, » BBLY).

552010
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Nonleptonic Decays

« (2, decays into two B-mesons and a light baryon

b— qqq
The effective Hamiltonian is given as:
Heg = Fi0%,B Beiu(Ta)f (Hy)! + 125, BB e (To)f (Hy)’
+£305,B B e (Ts)F ()2 + £, BB ein(Ts)f (Hy)

=T

+15Q5, B B eiji(Ts)f (Hus )y

Feynman diagrams for (- decays into two B-
mesons and a light baryon (octet or decuplet):

—W Ts/Tw

B

Two relations for decay widths can be read off

5030

_ 1 —0—_
F(beb—:»B Z)_ (beb—:»BB:.)?

—0—50 —=050——
T(Q;, - B B ¥7) =2I(Q;;, - B B,27).

21T
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Golden Channels

TABLE IX: Cabibbo-allowed decay channels for Q} T and CKM-allowed decay channels for €2,

ccc

Channel Channel Channel Channel
Qj‘j — PRpTEt Qj}j‘ —y BtDTAD Q:j- — DT Qj‘j — D"‘D;"Eo
O s DDYET Qi 5. DYDYER O 5 DYDTYEY
.. —2) B, Q= Z0.B~

- 0 170 - —_——t - - =0 .0 - =0 ,
Quop = QB K'Be  Qpy > Ep.n~ B Oy — Ep .m0 B Qppp — EpenBe

Qn, — QO B,

be

0 = — s ol L &2 =) -0 == =0 —.
B~ Quy, = Ep BT Oy, = S BT Q= S BT

Qppp — Eﬂjnr‘ Quep — EECESK- Uy — B B~K° Qp,, - B~-B~A}

_ e _ o _ 0 _ L
0. -+B"BE 8 +B B E" Q. +BBE Q. -+B BE

For the (21 decay, the branching fractions for the Cabibbo-allowed processes might reach a few

percent, thus presumably lead to discovery of triply charmed baryon.
For the {2,;, decay, the CKM-allowed largest branching fraction might reach
much smaller when considering detecting charmless final states in experiment.

~ , which would be even

52210
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* The background is the discovery of = Tby LHCb group

* We use SU(3) light flavor symmetry analysis to provide reference for
searching doubly baryon or even triply baryon decay channels

* Investigate the relationship between decay widths

* Find the golden decay channels I

5524



[@ ig‘j im E] Zhengzhou University

THANKS




