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Production from b-baryon
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mass =4449.8 + 1.7 + 2.5 MeV, AT
width =39 4+ 5 + 19 MeV. M Gy
S e R A Mass= 4454.9 + 2.7 or 4467.8 + 3.7 MeV

. P..(4459)° : M = 4458.8 +2.911+7 MeV
https://arxiv.org/pdf/1507.03414.pdf I = 17.3 46,5750 MV .
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Production from b-meson
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Introduction

Table 1: Available charm dataset at some experiments at different kinds of colliders.

Experiment Machine C.M /s Luminosity charm sample efficiency ©advantage/@disadvantage
: CESR 377 GeV 0.8 fb-! 2.9 x 10°(DY%) © extremely clean enviroment the Y(4S) resonance
(ete™) ' ' 2.3 x 10%(D™) © pure D-beam, almost no bkg

-1 6(D+
4.17 GeV 0.6 fb 0.6 x 10°%(D/") 10-30% ® quantum coherence

- 6(pO i
BEPC-II 377 GeV 29 fb-! 10.5 x 10°(D") ® no CM boost, no T-dep analyses

BES]]I (ete) 8.4 x 105(D™)
4.18 GeV 3.0fb7! 3 x 108D}

4.6 GeV 0.6 b 1 x 105(A)

decays to BB pairs

* ok K
1.3 x 10°(D) ® clear event environment
$ KEKB 0.58 GeV: L b=l 7.7 x 108(D™) © high trigger efficiency
T (ete™) ) —1 25x% 103(D}) © high-efficiency detection of neutrals
988 f b 1.5 x 103(A)) 5.10% ® many high-statistics control samples
5x105D% 77V © time-dependent analysis

8¢+ ; :
PEP-11 10.58 GeV 0.5-ab=! ig >; igSEng; ® smaller cross-section than pp collid. the pentaquark state

(ete™) s
518 fb -1 0.7 x 108(A;)
%* % * %

Tevatron 1.96 TeV 9.6 fb-! 13% 10! © large production cross-section
(pp) ® large boost

<0.5% ® excellent time resolution
7 TeV 1.0fb ! 50x 102 ® dedicated trigger required
( pp) 8 TeV 2.0fb~! ' @ hard to do with neutrals/neutrinos
L. 8.1 *
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Expected yields of b-hadrons at Belle 11, LHCDb
Upgrade 11, and Tera-Z

b-hadrons Belle 11 LHCb (300fb~1) | Tera-Z
B BY | 5.4x10' (50 ab=! on Y(45)) 3 x 10%3 1.2 x 10"
B* 5.7 x 100 (50 ab™! on Y(45)) 3 x 1013 1.2 x 101
BY BY | 6.0x10% (5ab~! on Y(55)) 1 x 103 3.1 x 1010
BF - 1 x 101 1.8 x 108
A9, A9 - 2 x 1013 2.5 x 1010

It is expected that the branching ratio of the exotic state generated by the BB pairs is large enough,
In the order of @ there is a great chance to find it.
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Theoretical study
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Pentaquark cqqqq

1. The wave function

symmetric antisymmetric symmetric
= f‘r{ 99) algq] }g @ e3 _(f}'ﬁ')(f}'ﬁ')} ) { 99) algq]a }S
I___________________a """ 1T —"—-""-""=" 1

2. The tensor representation

===

3] ]

S0 = 13(0),Y(0),  S1 = I(5). V(=) |
ES: — I3(—1).Y(-1), S} — L(1).Y(-2) i
i ) Y(_2)

the pentaquark\ S50 S = BO.Y(=), ST = I(-1),Y(=2)
states cqqqq :l -----------------------------------
‘ stron

g decay directly into the ground states 6
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Pentaquark ¢qqqq s

| Is0spin
v 2 IA'/
States [Name Tensor I3 Y| Name Tensor I3 (Y) Name Tensor (13) Y
6 State S([]) T{:ﬁlﬂ} 0 U S% T{Qg} % —1 S:% T{l.’i} —% -l —
Sy Ty 1 -2 Sy Tr12} 0 -2 SZ; Ty -1 -2
11 2 _ 22
ot o1 o] FY ™ 0 o] F T 1o
Ft T{ll} 3 _q1|fF0 Frq T{lz} T.{13} L q\Fp . F—, T{lQ} T-{23} B T
15 state % 2 2 %: = 2 :(J 2 _%: -3 1 ' 1 =3 ' 2 :Th bl t t :
Fry 7/ -4l A oi®t 1 | By T TP o 2 »g fe pOtSSI eLepresen ations |
_Z 23 . 33 — 33 i OT pentaquar i
L e e I O T T 1.3 ; OT penta quark
T2++ T{1111}t 9 0 T1+ T{1112} 1 T(? T{1122} 0 0
T—_l 71222} 1 T__2_ T{2222} -9 T;F T{1113} % -1
3
151 state TS T{1123} % -1 T:l T{l??iﬂ} _% -1 T:; T{2223} _% _
T10 {1133} | 9 Ty {1233} 0 -2 T, 712233} 1 -9
Tr 7{1333} % =] A 712333} 7% 3 T {3333} 0 -4

:(Té){ll} — dedS - Cdssd - CdeS + Csdsd, (TE){12} = CdSSu — Cdsus — Csdsu + csdu81 : r = ] . . ¥ " » _I

| i _ _ _ ) . i i | . The quark constituent of .

|(T§){13} = —édsdu + edsud + ésddu — ésdud, (Tg){zz} = GSUSU — CSUUS — CUSSU + cusus, |

] ] | pentaquark |
E)iog1 — —CSuUAU + CSuud + cusdu — cusua, g = cauau — cdund — cudadu + cudud, . . . . . .

:TG{S} d d d d T (33} dud duisd dd dd:
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Pentaguark cqqqq

3. The mass

Above the strong decay threshold DN: 66 MeV || below the threshold about 94 MeV
X ——
mass/GeV \SS | SYe T ST Sy | sV [sTo
Quark model 2\/2\?'1 @ 2.580[15] | 2.580[15] | 2.77[15] | - | -
Constituent model [18, 27] 2895 [27](2.958 [18](2.958 [18][3.116 [18]| - | -
Chromomagnetic Interaction model [20] 68@ 2.831 2.831 3.026 3.22]3.22
QCD sum rules [25] < 3.0

If the pentaquark states S are below their corresponding strong decay threshold, then they will
decay weakly. Otherwise, they will undergo by strong decays.

4. The lifetime

r(egqaa(3 )

—9.30 x 10735,

OPE method

Eur. Phys. J. C 82 (2022) 12
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Strongly decay of pentaguark ground states

1. The Hamiltonian H = A (Tﬁ){ak}(D)i(Pg)fe“ij + Bl(Tﬁ){ij}(D)k(Plo)ijka

D - -
2. Considering the CKM and detection efficiency, the good channels can be chose.

=]

So — D7p, S)y = Dip, (51, — DA, 1y — D’xY),

S = DAY (ST, DY), Sy - DY, (S; » D'E7), S5y —» D=



BESIII ZZ 55 Bt +f 2

Weakly decay of pentaquark ground states

1. The Hamiltonian
H = AySY9}(Hg) (i) MF(Py)], + A2SY9H (H) 10y MY (Py))

+AsSYTY (Hg) gy MF (P )}, + A4 ST (Hg) gy ME(Po)¥ + A1 100 (Hs) 7™ MY (Ps) e aim
+[Ax5198 (Hy5) VM ML (Po)? + Ay ST (Hys) M ME(P)™ + A5 5198 (Hs) VM ML (Pe) ™ e aim
+[ Az (Hy) VM ML (P + A1 (Hyg) U9 ML (Po)™ + A7S10t (Hys) 9 M (P) e o

2. The transition operator ¢q,g,qs, which can be composed as3 ® 3 ®3 =3 ® 3 ® 6 ® 15.

Cabibbo allowed nonzero (H6)31 (H6) — 1. (H15)%1 _ (H15)%3 — 1.

tensor components

3. The golden channels

SV = p, SY = K p, (S = KTE7), 55 =7 A%, (S5 =« %)
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Production of pentaquark via B decays

1. The Hamiltonian
He = e1Bjij(Hs)i(Te) Y (Pg)f + eaByij)(Hs)i(To) ¥ (Pg)] + e3Byij (Hs): (Te) ™™ (Pg)]
+a1B;(H;z);(Te) "™ (Py)], + agBi(H3);(T6) V¥ (Py)}, + asBi(He) '} (T6) ™" (Py)}, €aji.

q q b c

The operators Hg : b — cud/s, Hz and 6 :b — uéd/s.

2. the golden channels for each ground states

CA: BY— SIN /50 (BT = SY=7),B% — 897, BY — 0,7, (BY — 89,1, B° 59,5,
B 57, %, B'»S5 .
CS: B, - Sin, B~ — 8,5, B~ =87, ;i B” = SyA’, B’ —» SIK, B~ - 578"
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Results

1. The rates of different decay widths
’FB+—>SgE+ | g0, 5" 3 R g0, 8¢ 3 RSN 05+ Ty L5050 = 1:18:1:15:0.5,
Cabibbo ) F Sf/f FBU—>SQ/ —=1:21, FBO—>S:1/2§+ ; FBQ%S?EO ; FB‘SJ—>SO‘§+ =1:9:18,
allowed FBQ—>S§)§ ; FBQ—>SO‘§+ ; FBO—>88ﬁ : FBO—>S:1/2_ =1:1:25:23,
“I'po_,g07 : FBO_)S?EO =14:1, I', 5(13/2— ; FBQ—>S:1/2§+ =1:2.
Cabibbo I —>S‘1/2 I p- 5805 I'p- 895 L' 80,5 A Lgos = 1:39:2:2:30,
suppressed B_%SO_E ‘FB——>S:1/2ﬁ T et S LeoE T 1:25:19:1,

The difference between the decay widths of different production processes from B mesons is relatively large

but they are interrelated.
Once anyone decay channel will be detected in the future, we can give other decay widths.
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Results

2. The branching ratio of different decay widths

Ghsr q]
__ 'BSP 2 19 242
Upsp = Verm|™—|F(q7)]7,
87 m
B
state mode width branching ratio| state mode width branching ratio
BY — SYN° 3.88 x 102! 8.96 x 10~° BY — 80,m 328x107% 7.58x 1077
50 BY = 5957 413 x 10721 9.95 x 10~° 40 B’ — S} XQKO 430 x 10721 9.92 x 107°
DBt S92 556 1072 (139 x 10 50 V2| B 5 89,5 459 x 10721 C1.06 x 108
B” = SR 359 x 10723 8.30 x 1011 B~ — 59,5 3.00x 1072 747 x 107!
qo | BO o S 344x 107 793x 1070 | B® 5T 58 457 % 10720 CL06 x 107
O 1 Bl > S 238x1072 549 x 1011 [T Y2 B~ Sy /g0 3.00 x 10727 7.47 x 10~
| B'=S;ET 6.70x 1072 455 x 1075 . ’ B
S _ T |BT =S 7Y 538x10" 1.34 x 10~
* |B~ = S;A° 422 x 1072 1.05x 10710 ! !
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Results

the reconstruction through
strong decays

the reconstruction through
weak decays

3. The production events

//

=

C s1 )

)

. experimental . experimental
state production mode ) . events|state| production mode ] . events
51gna ures Slgl’l& ure
<0 B—=S3(D ™ p)n M(D~p) 424 BY'S9GK—p)A | M(K ™ p) 698
0 B—S0D p)n M(D~p) 3| o BYSSOGK-p)E | M(K-p) | 744
— _ =t _ 1 _ =t _

o BY—S5 (5D 20):._ M(D7x%) | 347 A BTHS)6K p):._ M(K~p) | 107
0 B~—Sy; D7 x%)A | M(D;x%) 2 B S8VGK pIA | MK p) 7
B=SY,,Dp)n | M(Dyp) | 380 BJ—=5%,,m )i || M(77p) 8

50 BO—>S?/2 D p)A M(D; p) 497 0 BO%S?/QHTF_I))A M(7m~p) 10
2 AaB'SSY,6D ) | M(D;p) V2 BO—s? ,er )T || M(rp) | 10
/ B~ =S} ,6Dp)p | M(D;p) 4 B~ =S8),m p)p | | M(rp) 0

. B°-S~,,,6D-NS | M(D-A) | 253 o B8y G AOT | M(x—A%) | 267
Y2 B8~ ,6D"Na | M(D™A) | 2 O 1B S, b ADA | M(r—A%) 2

/S:; B —S"TGD )Y | M(D-E7) | 2 L

(10™) - (1.06 x 107®) - (1.46 x 1072%) - (63.9 x 1072%) - (0.7) ~ 531 events.

(1013) - (1.39 x 107%) - (1.59 x 107%) - (0.7)? ~ 1079 events.
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Pentaquark production via b baryon decays

1. Pentaquark signatures in b baryon decays

S states production mode experimental signatures
S§ AY = S)(— D p)K° M(D~p)

the reconstruction S0y | A) = 80, (= Dy p)E- M(D; p)
through strong S1 | 57, |A) = ST, (= D ATt M(D~A)
decays Se | =05 55 (o DSyt M(D:E0)

S°y |y =S (=» D E )t M(D~Z7)
the reconstruction SV | A= ST K M(rp)
through weak 3.2 Sy | B0 Sy (= A AT M(7~A%)
decays S? | B = S(= K p)r- M(K ™ p)

2. The golden channels

Ay = SoK°, Ay = 87, K™, A) = 57, /27#, =) = Synt, By = ST T, B — SinT
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Summary

1. The production of pentaquark cqgqqq via B meson decays have been discussed under the strategy of light quark
SU(3) symmetry.

2. The possible Hamiltonian of the strong decay, weak decay and production for the ground states S, have been
constructed by the representations of initial and final states.

3. The amplitude of different channels and the relations of different channels have been obtained.

4. We suggest several dominant channels for searching the pentaquark S, at b-factory experiments.

BY — SN /50, (BY — SY27), B® — 597, BS — 89,7, (BY — 89,8, B° — S ,50),

B S, Y B'5S;E, BT SR

—1/2

Ay = oK, Ay = 87, K™, A) = S7, ont, By = Sgrt, By = STyt By = Sin

—1/27™

5. Combining the integrated luminosity and the reconstruction efficiency, we consider both strong and weak decays
of the S states to calculate the production events in the experiments.
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