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Introduction

g L

Baryons with a heavy b(c)-quark and two c-quarks

l

Baryons with a heavy b-quark and c-quark
yet to discover

l/ SU(3) symmetry

Bbc — (bCU, dea bCS) — (Elj_m Egm Qgc)

i

Identifying B,. by dominant weak decays




Weak Decays

S B
Weak Decays of B,
UV~ 17X 107 T~
c-quark induced b-quark induced
dominant \1, ‘1’
Cabibbo  Cabibbo  doubly Cabibbo b — ciq b — cliq
allowed suppressed suppressed

)\ds — Vud‘/;z )\dd — Vud‘/ctz )\sd — Vus ctl )\gq — ‘/Cb‘/cz )‘chq — vazqu
)\SS — Vus‘/cz
Note: 1. Two decays to find some different favorable search strategies.

2. b-decay mode has a displaced vertex for subsequent decays
traveling 103 longer distance before decaying than c-decay ones.




Effective Hamiltonian I

c-quark decay

S = FEAgaler(aq’) (@e) + ca(tsqy,) (Gacs)]
b-quark decay (q142) = @vu(l —75) 2

Hppp = T Noqle1(qa)(eb) + e2(Gpaa)(Cabs))

. a takes ¢ and u
Nonzero entries

H¢ eff - H31 )\d87 H221 — )\dda Hgl — )\SS - _)\dda H??l — )\Sd
He I f( u) ; H? — ud? H3 — )\c approximation

. 2 _ 3 Eur.Phys.J.C80,59(2020),
Heppla=c):  H? =, H> = X, y

€ arXiv:2006.15291
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Two Body Decay Modes

e A

Effective Hamiltonians can induce B, to decay

multi body contains unknown resonance
Two body decays {
simple calculation and identified final states

J

Bbc — ) + Mb Bbc — Bcc +M Bbc — Bcc T ME

octet(decuplet) octet
By, — Bé') + M By — Bﬁ’) +M, By — B£'> + M

anti-triplet(sextet) anti-triplet




Components of baryon and meson

AL
octet baryon octet pseudoscalar meson
B; :(n,p, 25V 270 A) M; (0 K= KO KO )
decuplet baryon heavy b meson
Bwk (AFHE0 3720 20 07) M,: (B~ BB
heavy cc baryon heavy ¢ meson

B (Z77,2F,07) M,: (D", D", D)

cc ) =cc)




Components of baryon and meson

ans— N

heavy b baryon heavy ¢ baryon

0 =0 + =t

[ Ab =b [ Ac ~c

B=|-A 0 Z B.=| -At 0 2
=0 _=- =+ _=0

=h = 0 -z, -2, 0

YNNG LTIV BV
lur oy gy BE|EA N 2V
H,O/\/é :;) /\/é Qb_ E/C+/\/§ EIO/\/§ ()0
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H',, induced decays

B, — B+ M, AFEEa L
M = d;Bj H"*By M| + d,B] H*B M + d'B H"By; M|

(5 [}

+dyB H By My + diB},H) By Mj + "Bl H By ]

[y J— - b h = - b
f"r - [ ( - {

e . : ~
i - I-l i = I
\\i’;_-—r—- _’.'J fﬁ_ -“".-l
1 == — I = = .I[.J

|:!1-1 'ffﬂ

h —= - b h — = b
[ [
o < ; T -</ ;

da da




Hi., induced decayvs
K y e
Bbc — B, -+ Mb
_ ok gl g Ikt
M= d;B, H' B My + d)By "By M,
b . . L h —= * b
. - |
| — e < :
i \,.\v'/ffq: 1?] i = > f}
d, d,

Contract up-down indices in hadron and Hamiltonian

!

SU(3) singlet




H'.. induced decays

0 e
By — B" + M
b o - |E' b = = b
j] k|
I .,: ]
d I [
1 " ke i —= 1 q
[} i)
£4 Eq
h — — b b — — b
,j'-| 1 = - I-'|
- '< g 3
P - > f c - _____._,___._.-—-—-:" .:i;
s}




H'.. induced decays

/ e o &
B, — B + M
b — —>—
i —> »— «5_] €1 — 65,2 T €5
J €3 — €5,€4 T €5

- Zf l

o) es can be absorbed

M(Bb) — elBZcHngb le]lC + GQBZCHngb klMJl + €3BZCHngbjkMil
+e,BS H'B, M+ esBi H/*B, M}

M(B,) = ¢|B; ijBb]lMl + € ichkaklMl + e5B;

/ gk l i 17ik l
+¢,B; H; b M + esBy H "By M

7By M!




H'; induced decays

AL
Bye = Bee + M
] * ]
EE]- b A
a3

g B

]
]
]

3

M = alBZCHfL‘chc lM]l + GJQB%)CH{BCC?:MJZ' -+ a3B%‘)cHlchchil




H'; induced decays

e o
B,. — BY + M.
. - J_[ I- . _ |
k|

biﬂ' | I::: )

M — bg/) ZCHgBC]kMCk T bg) %)cHliBCJZMCIC




Hiinduced decays

e
C —» — { {r = —
e —
C E‘.l — -
.é s
b —» — ] 1 - —
_]rl fa

M:le HBcczMj_l_fZB HBCCJM




Hiinduced decays

ans—N IS
/
Bbc — B((J) + Mcé

¢ —» > C
C

b = -— C
7

1 > > )

L

M = ggla) %mHngZjMCE

}

Identifying dominant decay modes and relations for experiment
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Experimental Analysis

e A

1. Large branching ratios
Experimental discovery
2. Easily analyzed final states

Take ¢ induced decays as example

By, — B 1) 4 M,  advantage > DBy, — BIE/) + M

!

not well known

Optimizing the identification of B’ to discover B,

b induced decays in backup




Cabibbo allowed decays

)\ds%{dl —do +ds — dy)

0) /\T\i;aﬁi
By. — BY + M,
Deca}r modes | Amplitudes Deca}r modes | Amplitudes
_% “”B% Adsdo 2. — X' TB™ | Mg, v,_d"
Bﬂ — I_IDB )\dsdli :gc TS :IDBE }\.ds dl
Ebc — E—I_B_ —)‘.ds(di = dg} QIE: -"UBU -)'H:LS U dg
=i = DB | =X (ds — da) Y fdf
Zpe = AB” | XasZ=(di + da + d3 + da) “be <

Triangle relation

)= MEL B

M) —

M(“bc E,+B ) t M(“bc EH_BO) \/7M(“bc E,OBO>




Cabibbo allowed decays

e —N

By = B + M

Decay modes | Amplitudes Decay modes |Amplitudes
:Ec — Eg T | —Adse1 20 5 Q KT' [ A€,
Bc EB ;r _-"\ds'fS Epe = By K~ | Ads 5’21_
— o —— — —} ! r f
Spe —+ SpT Adsﬁ(ﬂi —e3) Epe — "bun Ads 5= (e — 2e5 + e3)
Qp. — =VKY —Ads(153 + eyq) Eg — BT KY ). ¢€
Zpe —+ Zpn | Ads g(e1 + 2e2 + e3) Qp. — Q%n;r Aasel
= — = f f
=0 AbKU /\ds(Eg — 84) ZShe T = /\0555(61 - EB)
be - ,_.;[J ek 1 ! !
Zpe = Ep T | Ads 5 (e3 + e5)
=0 = Zmmt aeL(ef +eh)
=0 0 70
:Ec — EbDR:U /\dsﬁ(eé + e:d
Qp, — Ey K° | Xgs 5 (e5 + €))
ot +) (:O " ) \[ ( _y =0 0)
M(E =) -M(E, - E IM(Z) ==

M(“bc E-I_KU)_I_M(“I)C E—I_K ) \/_M(“bc E?[{O)




Cabibbo allowed decays

A L
The above give all Cabibbo allowed decay modes

dominant
Cabibbo allowed decay modes{ . .
most likely to-be-discoverd

— — G2
[(Eqc = Eom7) = 5 (Aastfr)'mz,, (1 - mz, /me, J'(fi + g7)
| (Zl(56) [Zqe) = Bzg (frw = gu s )uzg,

F( =BT
P(:jc+—>_j+w+)

14 — BEL = +1t) ~ 107

Phys.Rev.D101,034034(2020)




Analysis for discovery in LHC

= = A+B°

b-meson
B(=) = A+ B~ 107
B(A = pr) ~ 64%
B(B" = D7) ~ 25 x 107
BDt =1t ~12x107

108 events

B
B

B
B(

S B
= —>_E_2_+ al
b-baryon
(“‘bc -z +) ~ 10 B
=) = ”OJ/\I/) =10"*-10""
(20 = Ar” A — pr) ~ 64%
JIV =t +efem) ~12%

1067 events

PDG'i Phxs.ReV.D92i114013‘2015h



Conclusions I

/7 IN\T+7 5

1. B;, can exist and yet await to be discovered.

2. We study two-body weak decays using SU(3) flavor
symmetry to provide the promising modes for discovery.

3. We analyze b/c induced two decay modes and get several
relations among BR to test SU(3) flavor symmetry.

4. We urge experimental colleagues to search for B, using
two-body weak decays.
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Backup

AL
Masses for heavy baryons and mesons

be baryon mz, = 7.0 Gev, mg, = 7.3 Gev Int.J.Mod.Phys.A23,2817(2008)

cc baryon  m_:+ =m-+ =3.6212 Gev

—=cc =cc

b baryon my =5.6196 Gev, Mgt = 9.81056 Gev, My = 581564 Gev,

Mz = 5.7919 Gev, Mg~ = 5.7970 Gev, M- = 6.0461 Gev,

¢ baryon my . =2.28246 Gev, mg++ = 245307 Gev, mg+ = 24529 Gev, myo = 245375 Gev,
mz+ = 246794 Gev, mgo = 2.47090 Gev, mgo = 2.6952 Gey,

b meson  mp: = 5.27934 Gev, mpo = 5.27965 Gev, mpo = 5.36688 Gev,

¢ meson  mp: = 1.86965 Gev, mpo = 136483 Gev, mr = 1.96834 Gev,
PDG



1 [ )’ i)’ 1
= g, (1= P50 (1= P o g, (1 i )
Factorize A”~ mQBbC( - %)fo B~ mQBbc(l T @) 91 <7T+‘(ﬂd)‘0> =1f.q"
M(EQC — EQW—I_) = i)‘dsalquu<EQ’<'§C)’EQC> = i)‘dsalquuaEQUl% B 91%75)“5@(;
Amplitude

M| = A*(mp, +mp +my)(mp, +mp —my)+ BXmp, —mg —my)(mp, —mp —my,)
~mg, (L4 PR, (1= 2B v (1 ,:LB J*(ff +91)

c MBy. By,

Decay width
- - G G*
[(Eq. = Eqn') =7 \W— (ool (1-m2, md, P(f2+gl)




b induced decay |Vi/Ves| >~ 0.04

el 1L

B, — B,.+ M B, — B 4

Decay modes Amplitudes Decay modes Amplitudes
Egc — Q7 KY |A% a4 Egc — =9DF [AS by
“Bﬂ — :+ K9 | )A%_aq =5 — ”%rﬁ — S by

Qp. — Q} AE jas Qp. — “GDD AS ,bo
:Em B K~ |AS,a =Y. — Z2YDY% | XS _bo

8': — iﬂK— Aidaa Egc — ﬂjDD —AE (b1 + b2)
Zpe — Q0 S =, —+ 25D | —AS_ (b1 + bo2)
= — Q"‘ ,\C —gag =T = S0DF [Ae b,

104 [E, — =577 | Afa(ar + a2) =5 5 o0 DF | AS p)
= HEK_ Ao (a1 4 a2) =5 — =°DF (AL, fb’
Ebc — = )\Zd(ag + G'S) E-I— Y ErD D—I— A€ br
Qb — of K- ({19 + asz) be = ws /5
's- ce = 0 0 o

"_'E'l‘ e r: = — 22D A dbﬂ
2 = = )u. (a1 + a3) be “ =

a N o f O - 5 g (e o pe
o ud v’_{‘“ —a3) |10, Q0po |xe bj
E;_c — Qccn )‘Zs \_,-'_(2&1 - GS) E(EE s '_"%DD )\C 0 be

BE: D) ~10° | [Eh = =ID° | AL, { by + b,) 106
=y, = 0T DO |G, 25 (0] + bh)




b induced decay

Bbc — Bcc + ME

e —N

Bbc — B(gl) _|_ Mcé

Decay modes |Amplitudes ||Decay modes |Amplitudes
=F > 5D (A, = — ﬁgMca Aegez
1 L Q%D— A qu-‘: — EiMca —Azdbes
p— p— — c — — [

103 :Eﬂ = Lls )l"gsfl he —F - M.z ﬂhgsgca 105
Spe 7 ':r:c_':f Acsf1 Epe — ScMee [ ApoGee
Egﬂ — Eger .5 Zpe —* B2 Mec | AogT590c

= N & =
Q—bl—c Hj—cgﬁ }'tc,jfﬂ ':ﬂc — ESJMFCE )\Edggé
Zpe 7 Qe D7 A fo Q. = EX Mz |ASq 2500
i el — Eir:D_ }hgsfg Eg_c — E;_l_ flffcf AES%Q;E
':'bﬂc —+ ':'Er_:D }“cd(fi i fﬂ) =0 g ':"rﬂﬂrf _ [ a€ igr
. QLB (A {fitR) | 2 =2 | e
ch L Qcﬂffc'f )"gsgéé
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Analy51s for discovery in LHC

=), + ="BY |B(E"Y —» o« (A =)pr— } ~ 54%, i
B(BY? - p~(Df =3)wtwtm—) ~ 7.5 x 105

=)+ ELTB- |B(ZT — prn") ~ 52%, 107
B(B~ — p (D" =)nta~)~2x 105

=5 - 2TBY | B(ZT — pn") ~ 52%, »P
B(B? - (Dt =)ntx?) ~ 3 x 10~ ¢

=F. — ABY |[B(A — pm) ~ 64%, 107
B(BY - a— (Dt =5)nta%) ~ 3 % 10F

=y, = 2"BY | B(EY - (A =)prT) ~ 64%, »"
B(B? - (DY =)ntx?) ~ 3 x 10~ ¢

=5 oot | B(E, = Jfe) =110 — 1102 107—S
B(E— —+ w (A —=)pm—) ~ 64%,
B(J/W — £+E—) ~ 12%

B, —» Epw |B(Ey - E°J/¥) = 1077 — 1077, 10" —*®
B(E? - %A =)pn—) ~ 64%,
B(J/¥ — ¢te) ~ 12%

=, — Zpat [B(E] - =%J/v) =10"% — 1077, 10" "
B(E? - %A =)pn—) ~ 64%,
B(J/ ¥ — gte) ~ 12%

=5, — Elnq B(EY — _Djjq-rj = 10—% — 1079, 107"
B(E? - %A =)pn—) ~ 64%,
B(J/ ¥ — £Y€7) ~ 12%,
B(n — wtax «%) ~ 23%

=h. = AgKY |B(Ap > AJ/T) =102 — 10" T
B(A — pnr—) ~ 64%,
B(J/¥ — £Y€7) ~ 12%,
B(K? — ) ~ 100%




