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A{: The lightest charmed baryon spectroscopy

Most of the charmed baryons will eventually decay to A7,

* The A} is one of important tagging hadrons in c-quark counting in the productions
at high energy experiment.

° Naive quark model picture: a heavy quark (¢) with an unexcited spin-zero diquark
(u-d). Diquark correlation is enhanced by weak Color Magnetic Interaction with a

heavy quark(HQET).

* A7 may reveal more information of strong- and weak-interactions in charm region,
complementary to D/Ds

U d - Charmed

d - Charmed meson u >  Strange baryon
O[cd) ¢ o4 barvons SS9 A
uas .
‘ my<<m. > my, Mg << m¢ >
C quark + heavy quark “ My, Mg = _ms 2 diquark + quark
(@) Q) S (qqq) uniform

(qq) (Q)

2024/5/12 2



New data samples in 2020 and 2021

Two major changes in BEPCII machine:

e max beam energy: 2.30=2.35(2020)=> 2.48 GeV(2021)
* top-up injection: data taking efficiency increased by 20~30%
CACA .Y, Belle data for AA, CPC46.113003(2022)
0.6 PRL 101, 172001 (2008) Siugle Eom MV Zanapna/pb
L 4610 4611.86+0.12+0.30 103.65+0.05+0.55
: 4620 4628.00+0.06+0.32 521.53+£0.11£2.76
= 04 c 4640 4640.91+£0.06+0.38 551.65+0.12+2.92
% : 4660 4661.24+0.06+0.29 529.43+0.1242.81
— + 4680 4681.92+0.08+0.29 1667.39+0.21+8.84
0.2 __ + +++ 4700 4698.82+0.10+£0.36 535.54+0.12+2.84
_ + H:H, + +H,+ + 4740 4739.70+0.20+0.30 163.8740.070.87
0 :_ _____________________ A AL __________*_____i{_ 4750 4750.05+£0.12+0.29 366.554+0.10+£1.94
P ;1'6' '1"7' ' 'l"s' = ;"é' : 'é' = i“l' = ';'2" ' ;’,'% -y 4780 4780.54£0.1240.30 511.47£0.1242.71
- ’ ’ ) JE > 4840 4843.07£0.20£0.31 525.16+0.12+2.78
M(Ac Ao GeVic 4920 4918.02+0.34+0.34 207.82+0.08+1.10
4950 4950.93+0.36+0.38 159.284+0.07+0.84
Available data for charmed baryons
v' 0.567 fb-1 at 4.6 GeV (35 days in 2014)
v' 3.9 fb1scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV (186 days in 2020)
v 193 fb'l scan at 4.74, 4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021)
o 8x A, data that those at 4.6GeV.(~0.77M A{ A7)
e accessible to X./EZ./A¢ prod. & decays
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Production measurement near threshold

* ete— A A7 cross section are measured at twelve energy
points from 4.612-4.951GeV .
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* Indicate no enhancement around Y(4630) resonance.

PhysRevLett.131.191901(2023)

=>(Conflict with Belle.

* | Gg/ Gy| ratio are derived by fitting to angular distribution.

* The oscillations on | G/ Gy| ratio is significantly observed
with higher frequency than that of the proton.
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Production measurement near threshold

* ete— Af A7 cross section are measured at twelve energy
points from 4.612-4.951GeV .

PhysRevLett.131.191901(2023)

Vs (GeV) Ly (pb™h) o (pb) |Gege| (1072) ap, |Ge/Gyl |Gyl (107%)
4.6119 103.7 2084+69+70 492+08+08 -026+009+001 131+£0.124+001 435+33+15 2
4.6280 521.5 2064 +3.1+69 455+03+£08 -021+£0.04+£001 125+£006+001 41.8+15+£15 1 - K/R
4.6409 551.6 2051+3.0+69 434+03+£07 -009+£005+£001 1.11+£005+001 418+14+14 aAc — —2 .
4.6612 529.4 2003 +29+6.8 406+03£07 -002+£005+£001 1.04£005+001 402+14+14 1 + /{R
4.6819 1667.4 188.1+1.6+63 37.7+02+0.6 0.15+0.03+0.01 0.88+0.03+0.01 392+08+1.3
4.6988 535.5 1723 +£27+6.0 351+034+0.6 0.34+£0.07+0.01 0.72+0.06+0.01 382+14+13
4.7397 163.9 1235+42+5.0 282+05+0.6 049 £0.16£0.03 0.61+0.13+0.02 314+24+13 R — |G /G |
4.7500 366.6 1285+28+44 285+03+05 042+0.10£0.01 0.66+0.08+0.01 314+1.6+1.1 E M
4.7805 511.5 1240+24+42 272+03+05 0.17+0.07+0.01 0.88+0.07+0.01 282+12+1.0
4.8431 525.2 848 +20+29 21.6+03+04 038 +£0.10+£0.01 0.714+0.09+0.01 234+134+0.8
4.9180 207.8 98.14+33+35 224+04+04 0.62+0.17+0.01 0.52+0.15+0.01 253+194+0.9
4.9509 159.3 89.6+36+3.1 212+04+04 0.63+£021+001 052+0.18+0.01 241+22+09
f(cos @) = No(1 + a, cos?6)
oF ] 400, 400} T T T 1oo—+ R 200 + +
s ++ + 1 o wf T d s 3004\;%44'#}4}:& 2 + 2 s E mw
s s e s ; E T STy
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A{ weak decay picture in theory

® Contrary to charmed meson, W-exchange contribution is important.(No color suppress
and helicity suppress)

a

W .

v

(T) (®) ()
color-favored tree color-suppressed tree color-commensurate
factorizable fac + nonfac non-factorizable

: N/
4
(E) (B) (P)
W-exchange Bow tie penguin
non-factorizable non-factorizable neglected

® Phenomenology aim at explain data and predict important observables.
* Calculate what they can(HQET, factorization)+parametrize what they cannot + some
non-perturbations extracted from data=> explain and predict.
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Recent studies on the AT measurments at BESIII

e Af leptonic decays
O A¢ - Aeve, ApTvyy,
OA - pK~etv,
OAL - Xetv,

: PRL 129.231803 (2022). PRD 108.L031105 (2023).

: PRD 106.112010 (2022).
: PRD 107.052005 (2023).

OAf - Antn~etv,, pKdn~etv, :PLB843.137993 (2023).

e Af hadronic decays(two body)
Af - nmt

AE - pn'

AE - pn, pw

A - pr®,pn

Af - AKT

At - TOK+ =KD

A - EO0K

adronic decays(multi-body)
At > nntn® netnrnt.
At - nKdn*, nK2K

A > nKdntr©

A7 - nX

A - Antr®

Af > AKtn0 AK 't~
Ar > I Ktrt

A - EOK+n0

OoOooooon

e A

a4+
=y

Ooooooooan

: PRL 128.142001 (2022).
: PRD 106.072002 (2022).
. JHEP 11.137 (2023).
: arXiv2311.06883.
: PRD 106.L111101 (2022).
: PRD 106.052003 (2022).
: PRL132.031801(2024).

nK-m*n* 1 CPC 47.023001 (2023).
: PRD 109.072010(2024).
: PRD 109.072010(2024).
: PRD 108.L031101 (2023).
: JHEP 12.033 (2022).
: PRD 109.032003(2024).
: PRD(L) 109.L071103(2024).
: PRD 109.052001(2024).

2024/5/12



Form factors of AL = Ae™v,

Mp,,. (GeV/cZ)

) ///,,//

N= 1253 +39
300F —+ data
% — total fit
@) -es Ag— Ay,
S_ 200 <= Af— An*n®
% === other bkgs

-0.2 -0.1 0 01 02
mlss (GCV) m|ss (Gev)
----- DATA: A;— Ae'y,
o2 LQCD: Al— Ae'v,
E 0.15}- ,/"”'"' BRSO
™ . PRSP
) 0k
% 0.
2
g
0.05}
0 1 1 1 1 1 ]
0 0.2 04 0.6 0.8 1 12

g2 (GeV¥ch)

f1(¢*)

f, (@)

PRL 129,231803(2022)
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* BFis updated to be B(Af — Ae*v,)= (3.56 + 0114 + 0.07Syst)%=>precision improved.

* Helicity amplitude deduced form factors can be extracted with 4D fitting to data.

° The differential decay rate is roughly consistent with LQCD calculation while discrepancies can be noticed on FFs

show different kinematic behaviors.

* |Ves| element from charmed baryons is measured to be 0.936 + 0.0175 + 0.024o¢p + 0.007,

consistent with the value obtained in charmed mesons decay.

. which is
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Decay asymmetry for pure W-exchange process Af — E°K*

arXiv2309.02774(PRL accepted)

Theory or experiment B(Af - Z°K*) azog+ |A] |B| dp — 8

(x1073) (x1072Gp GeV?) (x1072Gx GeV?) (rad)
Korner (1992), CCQM [7] 2.6 0 - -
Xu (1992), Pole [8] 1.0 0 0 7.94 -
Zencaykowski (1994), Pole [9] 3.6 0 - - -
Ivanov (1998), CCQM [10] 3.1 0 - - -
Sharma (1999), CA [11] 1.3 0 - - -
Geng (2019), SU(3) [12] 5.7+£0.9 0.9479-99 2.74+0.6 16.1+2.6 -
Zou (2020), CA [5] 7.1 0.90 4.48 12.10 -
Zhong (2022), SU(3) [13] 3.8103 0.9170.03 3.2+0.2 8.7+0:6 -
Zhong (2022), SU(3)® [13] 5.015:5 0.99 + 0.01 3.3%5:2 12.3112 -
BESIII (2018) [14] 590 +0.86+0.39 - - - .
PDG Fit (2022) 3] 5.5+ 0.7 - - - -
At - EOK* is pure W-exchange process which have significant € - % - s
contributions in charmed baryon decay. Ardd— W u (=’
c C§
Nonfactorizable W-exchange diagram cannot be calculated using (u - WK
theoretical approaches. u - u}
=0
c —> > S (=
Long-standing puzzle on how large the S-wave amplitude. A% §W+ s
d — > Z}K+
Experimental measurement of decay asymmetry is crucial and
urgent_ FIG. 1. Feynman diagrams for A} — Z°K™*
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Decay asymmetry for pure W-exchange process Af — E°K*

_ 2Re(s*p) arXiv2309.02774(PRL accepted)

s+ Ipl*

2Im(s*p) _Is]2 = |p|?

BB = 5115 TYTBP = T 5 1 19
|s[? + [p|? |s? + |p|?

app

T
Level Decay Helicity angle Helicity amplitude g
0 efe” = AT(M)AZ(N2) (60) Ay s
1 AF -5 E°N) KT (61,61) B, CM frame A rest frame
2 20— A(Ag) 7° (62,02) Cx,
3 A—p(As) T (63,03) D
dr

dcosfy dcosfy dcosfz dcosfs dpi depo dos
o« 1+ aocoszeo
+ (14 aocoszeo) Q0 jo+ O p 0 COSO2

+(1+ aocos200) Q0 ot gy — cosfzcosf3

+(1+ aocos290) aA"oap",cosﬁs
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|
—
=
+
Q
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[}
@
S
>
S
N
Q
]
°
=
T

+

+

1-— a% sinAgsinfgcosfpa ,  05ind;sing; cosby
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_ sinf1sing; cosfs

+

2 sinAgsinfocosfozo g+ 0 0 a,.

+

1— a% sinAosinﬂgcosegapﬂfsin91sin¢10059200503

2 sinAosinegcoseom ozpﬂ_sin91sinqﬁlsinﬁgsinechS(AAﬂ.o + ¢3)

2 sinAgsinfgcosfg m o, ocosprsinfasin(Dgo o+ + ¢2)

1-— ozg sinAgsinfocosfp /1 — O‘éOK+ oy 0cosfisingsinfacos(Dgo 4 + P2)

5 sincsintocosto /1~ a7 2y —cosbusinsindacon(Bo s + balconds * The joint angular distribution for A¥ —
2 sinAosingocosegm apﬂ_cosqblsinegsin(AEoK.;. + ¢2)cosb3 E O K+ iS derived based On heliCity
2 sinAgsinfycosfy mm @, — cosbisingisin(Ago g+ + ¢2)sindssin(A, o + ¢3) .
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Decay asymmetry for pure W-exchange process Af — E°K™

cosgy| e PRL132.031801(2024)
o 4 - . .
Mfﬂﬁi,{ﬁ EBKG * From the fit, we obtain azog+ = 0.01 £ 0.164,; *
= Mot 0-O3Syst and ﬁEOK'l‘ - _0-64 i 0-695tat i 0-13syst
0
o cos# G.ng; and )/EOK+ - _0-77 i O-58Stat i O-llsyst
; 40~ + 40~
% zo—,T_‘f*'iﬁ;;;}+}i+$;+*_1 20 L. .
e ==Y * agog+is in good agreement with zero=>strong
c0sO,| o ; %, identification for theoretical predictions.
40 } 3 40%%
bttt S ¥
20-F + «E 20
60 cosé;| w1 9 r— B(Af - =°KT) _ |Pel [(mAj +mzo)? — mie, A% + (my+ — Mmzo)® — mie, |B|2]
4OM 4OW Ta+ 8w m12\+ mi+
L + L + ¢ € ¢
O Ry L 2nlA||Blcos(s, — 6,)
! -(l)’.f)lar z:)ngle ’ ' ’ Azi:nuth aI:gle ’ 0K |A|2 + K’2 |B |2 ’
2k|A||B|sin(d, — 6s)
[ PlosicalBoundary T — Ao+ = arctan |AP—nﬂ%P ’
A's aEnK‘(BESIII) & BF(PD-;[— ¥
] Korner(1992), CCQM
] Xu(1992), Pole . .
4 Zemakonsi1354) Pk * Especially, cos(6, — d;) is measured to close to
vo e i i il zero.=>not considered in previous literature.

Sharma(1999), CA

Geng(2019), 03 ° Fills the long-standing puzzle on how to model

Zou(2020), CA
Zhong(alz2y, SUGY azop+ and B(AY - E°K*) simultaneously.
L | ) L | | L L L |

2 4 6 8
Branching Fraction(x107)

Bl ©

R

ok
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JHEP 12.033 (2022).

+ +..0
PWAfor A; - An"n
L *BDatzll( J ~
a ) Backgroun a < B
S 1000 — rocal e = > 400/
s [ — Ap(770)" % 400 3
O - — NR(m*n")A &) - -
o | — alz(1385)* o -
« | a%2(1670)* <o 2 i
- — n95(1750)" ' i N -
S 500 ssazssy < 200} | > 1200
F— n*2(1670)° I - I
g s ;+z(1750)° 8 : §
o i - > E i3
0==02 06 08 1 12 12 14 16 2 22
M., (GeVic?) M, (GeVicd)
Process Magnitude Phase ¢ (rad) FF (%)  Significance
Ap(T70)* 1.0 (fixed) 0.0 (fixed)  57.2+4.2 36.90
»(1385)*7° 0.43+£0.06 —0.234+0.18 7.18 £0.60 14.8 0
$(1385)°7+ 0374007 284+023 7924072  16.00
»(1670)*7% 0.314+£0.08 —0.774+0.23 2.90 +0.63 5.1c
»(1670)°7F  0.41+£0.07  2.77 £0.20 2.65 £0.58 .20
L(1750)t7% 1754021 —1.734+0.11 16.6 +£2.2 10.10
2(1750)%7F  1.834+0.21 1.34 £0.11 17.5+£2.3 10.2¢0
A+ NR,-  4.05+0.47 2.16 +£0.13 29.7+£4.5 10.5¢0

° About 10K events survived which purity is larger than 80%.

* PWA based on helicity amplitude is performed.

* Interference mostly exist between Ap(770) and £(1385)%/*x+/9,

1.8

M Ax® (GCV/ Cz)

2024/5/12
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PWA for A} - Antn®

JHEP 12.033 (2022).

¥ T F -
3T (AN — 37(2(1385)%) + 07 (x) 3 (D) = 37 (2(1385)°) + 0~ (x)
Amphtude Magmtude Phase ¢ (rad) | Amplitude Magnitude Phase ¢ (rad)
12(31385)+ 1.0 (fixed) 0.0 (fixed) 912(31385)0 1.0 (fixed) 0.0 (fixed)
22(3385” 1.20 +0.25 2.82 +0.18 229385) 1.70+£0.38  2.70 +0.22
F(AD) = 3 (2(1670)%) + 07 (x°) 1T(AD) = 37 (2(1670)°) + 07 (%)
Amplitude Magnitude Phase ¢ (rad) | Amplitude Magnitude Phase ¢ (rad)
oo 1.0 (fixed) 0.0 (fixed) gfgwm)“ 1.0 (fixed) 0.0 (fixed)
)
22867"” 1.39 £ 0.42 0.85 + 0.26 2.2(31670) 0.74+0.18  0.20+0.24
32
(A5 - 3 (2(1750)%) + 0~ (n°) T > 1 o)) 1+ 0-(%)
Amplitude Magnitude Phase ¢ (rad) | Amplitude Magnitude Phase ¢ (rad)
§€175°)+ 1.0 (fixed) 0 (fixed) 02(1”50’“ 0 (fixed) 0.0 (fixed)
glz(l”“"‘” 045+£0.10  —2.28+0.22 E(”SO) 0.38+£0.10 —2.03+0.20
L) = 1T(A) + 17 (p(770) ) (M) > 1T (0) + 17 (VR,-)
Amplitude Magnitude Phase ¢ (rad) | Amplitude Magnitude Phase ¢ (rad)
gg 1 1.0 (fixed) 0.0 (fixed) géwf 1.0 (fixed) 0.0 (fixed)
5 ’2
7, 0.48 £ 0.12 —1.69 +0.12 gVE 0.94+£0.12 —0.49+0.16
) 2
9 s 0.90 & 0.10 0.48 +0.13 g 0.214£0.09 —2.84+0.53
5 2
9 s 0.55 £ 0.08 —0.04 £0.18 9% 0.33+0.14 —1.92+0.30
2 ¥
P -1 m+0 ()
Amplitude Magnitude Phase ¢ (rad)
g&% 1.0 (fixed) 0.0 (fixed)
gﬁ% 0.435376 (fixed) 0.0 (fixed)

QpAp(770)+ =

plz
11

- |Hi%’_1|2 + |H§,0|2 - |H

| P

o2
_E’O

P |2 P
|H%’1| + |H_%Y_1

| 2

+ IH;’,OP +IHE o

Q'53(1385)

|g 1|2+|g 3|2+|g 3|2
1, 1, 2,

- i o \(428)
3 7y) VB2 R (a7, 7

|H2(11385) |2 _ IHEE[ESS) |2 2% ( 2(1385) gzz(é1385)>
|H2(1385)|2 + |11123(1:385)|2 -

33(1385
9 ’|2

+ g2 2(1385) |2

° Decay asymmetry parameters can be obtained by the fit results of the partial

wave amplitudes.

2024/5/12
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PWA for /12_ — /17T+T[0 JHEP 12.033 (2022).

B(A} — Ap(770)") = (4.06 & 0.30 £ 0.35 & 0.23)%,
B(A} — Ap(770)7)

B(Af — An+n0)

=i(B7:2+ 4.2 £4.9)% B(A; — %(1385)t7%) = (5.86 & 0.49 & 0.52 £ 0.35) x 1073,

B(AF — £(1385)°71) = (6.47 £ 0.59 £ 0.66 £ 0.38) x 1073,
B(Af — 2(1385)T7%) - B(£(1385)* — An™)
B(AY — An+n0)

B(A} — £(1385)°7") - B(2(1385)° — A7?) _
c = (7.92 + 0.72 + 0.80)%. s (1385)+ 70 = —0.917 £ 0.069 + 0.046,
B(AF = An*n0) ( ) e

Qs (1385)00+ = —0.789 % 0.098 = 0.056.

= (7.18 £ 0.60 + 0.64)%, anp(rroy+ = —0.763 % 0.053 + 0.039,

Table 9. The comparison among this work, various theoretical calculations and PDG results. Here,

113

the uncertainties of this work are the combined uncertainties. “—" means unavailable.

Theoretical calculation This work PDG
102 x B(Af — Ap(770)*) | 4.81+0.58 [13] 4.0 [14, 15] 4.06 + 0.52 <6

103 x B(A} — (1385)*7%) | 2.8+ 0.4 [16] 22404 [17] | 5.86 +£0.80 —

103 x B(AF — £(1385)°x%) | 2.8+0.4 [16] 2.240.4 [17] 6.47 + 0.96 —

Qp 770y + _0.27+0.04 [13] —0.32 [14, 15] | —0.763 +£0.066 | —
Q53(1385)+ 70 —0.917015 [17] —0.9174+0.083 | —
Q53(1385)07+ —0.9170:1 [17] —0.79 £0.11 —

° NO theoretical models is able to explain both BFs and decay asymmetries simultaneously.

° Fruitful results are extracted which provide crucial input to extend the understanding of dynamics
of charmed baryon hadronic decays.
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Coming soon stay tunned

AL - ne*v.(release soon)
Af - Xt efv,. Zmtetv,
AL - pnTetv,

+ 0,+
A; > nKge v,

At - pKL - p¢
Af - pKO. Amrt. 2%nt. Z*r°(Decay asymmetry and polarization study )

Af - nK*m%(DCS)

At - pK rnt. pK{n®. pKm®

AF - AKOK* . AKOm+(AK*™)

Af 5370, Itrptn . X rtnt

AF 5 STKTKY (¢). SHKm(n0). SOKOK*.
AF - E K+, EOKOK*

0

At 5> pK rntn® . pKPmtm™

AT - AX. KIX. pX
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Proposal of the BEPCII upgrade

* optimized energy at 2.35 GeV with luminosity 3 times higher than the current

BEPCII.
= = - BES

g o~ S B SEAG

8 | : a Crystal

39 = = KEDR

< + 4 -

N N =

+CD +b 3 : """"""" {‘ £ """""

Lo E

O B [ A% oy el 2+‘!':+n+*+t*+

a2 El

15 . .
Vs (GeV)
495 ~ 5.6 GeV: new energy
coverage of BEPCII-upgrade

Energy thresholds
v AREZ 4.74 GeV
v AS.m 4.88 GeV
v 3.2, 491 GeV
v E, _EC 4.95 GeV
v 0200 5.4 GeV
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Prospect Charm Baryons data sample at BESIII

Table 7.1.

List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples for the remainder of the physics program. The right-

most column shows the number of required data taking days with the current (7¢) and upgraded (7y) machine. The machine upgrades include top-up

implementation and beam current increase.

Energy Physics motivations Current data Expected final data Tc/ Ty
1.8 -2.0 GeV R values Nucleon cross-sections N/A 0.1 b ' (fine scan) 60/50 days
2.0-3.1GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)  250/180 days
J/y peak Light hadron & Glueball J/¢ decays 3.2 fb ' (10 billion) 321fb ' (10 billion) N/A
¥(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 4.5fb ' (3.0 billion) 150/90 days
¥(3770) peak D°/D* decays 29" 200 b 610/360 days
3.8-4.6 GeV R values XYZ/Open charm Fine scan (105 energy points) No requirement N/A
4.180 GeV Dy decay XyZ/Open charm 32fb 6 140/50 days
4.0-4.6Gey XY7/Opencharm Higher charmonia cross-sections 16.0 b " at different Vs 30 fb ' at different Vs 770/310 days
4.6-4.9 GeV Charmed baryon/XYZ cross-sections 0.56 fb ' at 4.6 GeV 155 ' at different Vs 1490/600 days
4.74 GeV r A cross-section N/A 1.0 100/40 days
491 GeV %, cross-section N/A 1.0 120/50 days
4.95 GeV Ec decays N/A 1.0 fb "' 130/50 days
2024/5/12 18



Summary

* BEPCII energy upgrade during 2020-2021 has improved the
BESIII capability in A, physics by accumulating more statistics
at different energy points and pose opportunity to study
A{ production and decays.

» BESIII has been playing significant role in studying A, decays

* Many new results of A. decays have been published in 2022
and 2023.

* Proposal of BEPCII upgrade (3x luminosity and energy up to
5.6 GeV) will greatly extend the physics opportunities in c-
baryon sector.
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Energy thresholds Singly-charmed baryon

vete™ o ALS: 4.74~4.87 GeV -
v ete” - ATAZ(2595)(Z. m)  4.88 GeV =
vetem o3, 2, 4.91 GeV

veteT - E, &, 4.95 GeV

The Born cross-section ratios between Af Az + c.c.and A7ZF + c.c. at different energy
points can provide more information about the production of cc¢ or gg from vacuum.

BES]I[ Cross sections for ete™ — A}Lfc_ and X, zc

)

B
I

(=}
a

- ete” > AYZ; above 4.74 GeV: An interesting isospin
violating process to understand the QCD dynamics at
charm sector e
v A cross section scan slightly above 4.74 GeV will be

useful for comparison with that of ete™ = ATA; and AfX;
v o(AFE7)/o(AFAZ) v.s. o(AZ)/a(AA)

*
ol & &l

=» vaccum pol. to cc v.s. s§ b
v If observed, study the polarizations and form factors d
C
« ete” > X, X, around 4.91 GeV:
v' Cross section comparison with that of ete™ — A¥AZ e
=» good diquark v.s. bad diquark p
v' Study the polarizations and form factors in ete™ — £2%?2 =

and Z}E7
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Form factors of AZ — /1,u+vﬂ

B T L T T T

s

7
/

i

© 0.15[,

g :5 ----- -:i' 5

GeV™?)

dIr/dq? (ps
S e
G i

0,

0 02 04 06 08 1 12
4% (GeV?)

dI'/dg? (ps'GeV?)

0

0 02 04 06 08 1 12
4% (GeV?)

L4f
12

0.8

S 5o ;.',"F#:;F—*:':L—.}—-

0 0.5 1
q* (GeV?)

Events/0.01 GeV

[\%)
=

=

—+ data
— total fit
“es A An'n®

=:=nonres bkgs

02

0.1 0 0.1

-0.2
U i (GeV)
o2k AN
¢ -o.gw' s "T)F
04} ; frespege
0 05 1

0 0.5 1
q* (GeV?)
4-
s F 2 AR
= _+.1....F.._T_,=¢—,_.‘L...
0 0.5 1

arc

dg*dcos@,dcos,dy  2(2x)*

24M3

_ G%7|Vc:|2 . qu(l - m%/qZ)Z {

PRD 108.L031105 (2023)

< (1 =cos)*|Hy [*(1+ acosd))

3
8

3
+ §(1 + cos )*|H_y_[*(1 — as cos 6,)

4

3. 3
-+ sin?6,[|Hyg[2(1 + an cos 6,) + [H_io[*(1 — apcos6,)] + =

2V/2

x [(1=cos@)H _1gHy + (14 cos6y)HiH 1 ] + 'Hm;},

f1(¢%

f, (@

0 05

¢* (GeV?)

1

0.9

& 08

e 0.7

0.6

-
o
»
»
+*

0 05 1

¢* (GeV?)

S
apcosysind,sind,

BF is updated to be B(AF - Ap*v,)= (3.48 £ 0.145.4¢ £ 0.105y5,)%=>3times more
precise than prior results.

Lepton flavor universality are reported (0.98 + 0.05544+ £ 0.03 Syst) =>compatible with
Standard Model(0,97).

Form-factors parameters forAt — Al*vy are determined to test and calibrate for LQCD.
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BF Measurements of AL = pK~e™v,

PRD 106.112010 (2022).

— oty \—
INILC USR0S TABLE 1. Comparison of B(A7 — A(1520)/A(1405)e" ve) [in

x107%] between theoretical calculations and this measure-

201 i::: " ment. The BF of A(1405) — pK~ is unknown.

> B At pKe'y,

3 Br ke, B(AT — A(1520)e*v.) [B(AF — A(1405)e™ 1)
S - Ao K’ Constituent quark model [§] 1.01 3.04

% 10|~ -~ otherbkgs Molecular state [9] e 0.02

§ Nonrelativistic quark model [10] 0.60 2.43

8] attice QC 5 £ A e

l # + : : X 5 B(A(1405)—pK )

o U:fs Gevy 2 A¥ - pK~e‘v, is firstly observed with significance of 8.25.
N(A(1520)e*v,)=8.4+43 ° Evidence of A7 —» A(1520)e™v, (3.30) and A — A(1405)e™v,
N(A(1405)e*v,)=14.8+6.7 (3.20) are found.
| I A> A(1520)e'v, —— data

o N A0S, — total it ° BFs are measured to be :
RS s Ag— pK ey, _ _
2 g B(Af > pK~ e v,)=(0.88 £ 0.175¢4¢ £ 0.075y5¢)x1073,
----- other bkgs
= ki, B(AF - A(1520) e*v,)= (136 £ 0.5654; + 0.115,5,)x1073 and
s + - +,, \— -3
3 B(A¥ = DK non—a@s20y€ TVe)=(0.53 & 0.1554; & 0.064y5.)x1073.
&
B(At->pK~etv,)
L B 0 O i e o - B = =(2.1+0. + 0. 0
14 15 16 17 18 R B(AF-Xetv,) (21404500 £ 0 153’St) /0

My (GeVie?) => the only observed SL channel beyond A} — A [ty

2024/5/12 23



BF measurement of AL —» Xe™ v,

PRD 107.052005 (2023).

S RS EXD-cory yiekd ° WS technique is used to subtract charge symmetric
I —e— WS PID-corr yield

S , backgrounds in each momentum bin.

L +— RS-WS PID-corr yield

PID unfolding approach is performed to obtained the
e positron yields which is suffered from the
contamination of other particle types(n*. K*. p).

Events/(0.05 GeV/c)

B i ° . .
o+ o Extrapolation of positron momentum spectrum to

02 03 04 05 06 07 08 09 1 whole phase space region.
p (GeV/c)

* BF is measured to be B(A} - Xetv,)=(4.06 +

600 - 0.104¢q¢ = 0.09syst)%=>precision improved compared
with PRL121,251801(2018).

r(Af-xetve)
F(DoXetvy) (1.28 £ 0.05)%

=> improve the power to identify different predications.
=>HQE(1.2), EQM(1.67)

200 -

Events/(0.05 GeV/c)

] ] ] ] ! ] ] ]
0 01 02 03 04 05 06 07 08 09 1

p (GeV/e) PRD83,034025(2011)

PRDA49,1310(1994) PRDS86,014017(2012)
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Events / (20 MeV)

Events / (20 MeV)

+ + o=t 0—,+
A > A"t e v, pKot e v,

PLB 843.137993 (2023)

6__ —4- data 1 _

|- I }signnl.\‘l(‘

U : | * 4.5fbl ete annihilation data are used
2; Sos B<39x10°@90%CL. 1  to search AL - Attt ety,,

: | pKo2netv,
OOTMT” 0 0.1 0.2 % 0.001 0.002 0.003 R . .

U i(GeV) B(A! AT e v,) * No significant signal is observed and
£ 1 ] hence the upper limits on BFs are set

s e ' | tobe B(Af » Antn~etv,) <

: oniione | I 3.9%x10"* and B(A} - pKin~etv,) <
2| G AL bke S 05 B < 3.3x10° @ 90%C.L. - 4 o

[ 1 3.3xX107* at 90% CL.
% 0.0005 0.6010 00015 000z © B(/lg- - /1(1520)€+Ve) < 4.3x1073
B(AI—pK rmetv,
UempRgreve) and B(A} - A(1600)e™v,) <

- 9.0x1073 at 90% CL assuming all
"lrgciiBFs for A7 — A*e*v, predicted by different theoretical models, in units of AT[+7T_ Combinations come from A*

AY state CQM [8] NRQM [9] LFQM [10] LQCD [11]

A(1520)  10.00 5.94 — 5.12 4 0.82 ° Limited sensitivity to identify

A(1600) 4.00 1.26 (0.7+0.2) — . . .

A(1890)  —- 316x 102 — — different theoretical calculations.

A(1820) == 1321072 - _
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First observation of A7 — nm™

PRL 128.142001 (2022).

N(nm)=5049

k
e

¢ data

& o

weus \’ m e

s AlSA T

Events / 10 MeV/c?
L =) o (=] 1)

2

IIIIIIIIIIIIIIIIIIIIIIIIII

|
13

e—
e—
Lo

CEES)
e
e

1 1.1 12
M, (GeVicd)

Events / 10 MeV/c?

09 1 1:1 1.2 13
M.,.. (GeV/c?)

* First singly Cabibbo-suppressed A} decay involved neutron was observed(7.30).

*  Absolute BF is measured to be B(AF - nut)= (6.6 £ 1.25,4; + 0.45,5,)x107%.
=>Consistent with SU(3) flavor asymmetry prediction[PLB790,225(2019), |
=>twice larger than the dynamical calculation based on pole model and CA[PRD97,074028(2018)]

© B(A} > An*)=(1.31 £ 0.084,, * 0.054,,5,)x10~2=>Consistent with previous BESIII results
© B(A} > X°n%)=(1.22 £ 0.0844, * 0.07,,)x1072 =>Consistent with previous BESIII results

__ B(Af-nnt)

= S 7.2@90%C. L. (B(A} — pn®)< 8.0x107> @90% C.L.from Belle)

=>Disagrees with SU(3) flavor asymmetry and dynamical calculation (2-4.7) while in consistent with SU(3)
plus topological-diagram approach(9.6).

° R
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First observation of Ay — pn’

PRD 106.072002 (2022).

N(pn', ttnn)=4.9132
@n’, m 26 TABLE VI. Comparison of the measured branching fraction (in

10 _+1;agt:al (a) 10~%) of A} — pn’ to theoretical predictions and the Belle result.
R [ .- Background
% 8 | = A;‘beackground Aj N Pﬂ'
= [ &3 qq background 2 46
] oF BESIII 5.621240 4+ 0.26
g b Belle [19] 473 +£0.97
a2 f Sharma et al. [41] 4-6

2E | 1 Uppal et al. [42] 0.4-2

— (GeV/ce?)
rec(Acp)
o w | © Anevidence of singly Cabibbo-suppressed Af —
I --- Signal .

% B pukgromd pn'decay was obtained(3.60).
é’ ] e i
z af * Absolute BF is measured to be
2 L B(Af - pn)= (5.62723% +0.26)x107*.

JEar e =>(Consistent with Belle’s relative measurement.

0.85 0.9 : . | . . .
M, GeVic) => obviously higher than Constituent quark model
! db =N\ +2.6 . . . . .
Ny, yr'mw)=4.3252 * The statistics of data is quite limited.
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AT = pn, pw

JHEP 11.137 (2023).

B(AT — pn)

B(AZ = pw)

1 U —mr— U
BESIII 1.24+0.28 +0.10 [22] —
LHCb — 0.94 £0.32 £ 0.22 [23] s d——d {p - d———d |p - i —d lp
Belle 1.424+0.05+£0.11 [24] | 0.827 % 0.075 £ 0.075 [25] ¢ u ¥ Wt M<: u ¢ W u
This paper 1.57 £ 0.11 = 0.04 1.11 £ 0.20 £ 0.07 ‘ ﬁ d bnfw g # I a bn/w
c PR B — d—>»—d
Current algebra Uppal [13] 03 o
Cheng [26] 1.28 - (b) (c)
Sharma [14] 0.2%(1.7%) — ( U~ U U 1 d—»—s——
Geng [27] 1.257038 — J d i Jp 7 afP 4 gwi- 1
SU(3) flavor symmetry Geng (28] 1.30 £ 0.10 - A} d A} u A} 2
Hsiao [29] 1244021 — { Wi% <:: -y = <:: T :— m
Geng [30] — 0.63 % 0.34 c S /e d u /e T S jn/w
Hsiao [31] — 1.14+0.54 () )
Zhong [32)] 1.36%(1.27%) —
Topological diagram method | Hsiao [33] | 1.42 +0.23° (1.47 £ 0.289) —
Heavy quark effective theory | Singer [34] — 0.36 +0.02
+ —
B(AF - pn)=(1.57 £ 0.110, +
. -3
('é E A:;__)ga(:; #i NQ A:_>p"3n O-O4iyst)x10
B0 | FooE ~+ data B(AF - pw)=(1.11 £ 0.2044,
= | | PR = s00- — fit result .,
et = sigma 0.075y5¢) %10
i L 4” @: --- background Sys ) ]
3 00f Z 3 Most precise single measurement to
5 I iﬁ,‘"‘*{* =
2 ol A 2 * date
I 208 : L T Provide more stringent test for
] .1 .3 02 0—22% 228 23 23 2 . .
M, .(GeVic) M, (GeVic?) different theoretical models.
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Events / (8.0 MeV/)

M3 (GeVic?)

AE - pr®, pn

arXiv2311.06883.

. —3— Data :\LT :“: | -4+ Data ‘({?15 - -4 Data
= 3 (a) [ ,va_.,.,f-.r N—puc| 2 24F (b) ; 10 I (a) — - Signal ; r (b) — - Signal
=) Inclusive hadronic MC Q é) | I&c:!:;ly\;% :gdronlc § i g::g:;lrvg :gdronlc
15F B AR Mo ja235F ) I -~ A'A. background I 10 B - A’A. background
o | IS
23fF J =g I I
' g | a5r
225F 5 | l s [ *
g 2 J_ | l L
o ¥ , : . S o - SVCNNRNNUNTU IR PN o ah su dv Emhe SR S LI LD
0 02 04 06 2‘%..2 225 23 235 24 22 2.25 23 2.32 24 22 225 23 2.35 24
M,, (GeVic?) My (GeVie?) MY (GeV/c?) MY (GeV/c?)
N a - -4 Data a [ -4~ Data
24F (C) § 241 (d) § i (C) — - Signal §40 (d) — - Signal
(3 020 [ ' Inclusive hadronic Q [ Inclusive hadronic
=~ 2 background 2 30 F background
235} £9235)F - _ES o s
= ()] - AlA, background N r ATA, background
| a ook
23fF L 23 = F Nt
43 : 210f 2 f
225f 225f" § I §10:' f
é:" o DA g : &) 0 e - s | S8 0: e ) ol
2.2 1 ] ] 1 2.2 g =3 i Y 1 1 1
22 225 23 235 24 22 225 23 235 24 22 225 23 2.33 24 22 225 23 235 24
M (GeVic?) My (GeVic?) My (GeV/c?) ML (GeV/c?)

° Simultaneous fit to DT data sample at different c.m. energies, yields

* B(Af - pn)= (163 + 0.3144, + 0.115,,,)x1073 [6.90]=) precision worse than ST method.

© B(A} - pr®)= (156113 +0.20)x107* [3.70]=> first evidence
* result distinctly exceeds the upper limit measured by Belle(< 8.0x10™°)

° B(AY » nnt)/B(AF - pr®)= 4.2122=> consistent with various phenomenological predictions
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BF measurement of A7 —» AK™

PRD 106.L111101 (2022)

L
=
%’ 180 : Ejt:sun TABLE I. Theoretical predictions on the branching fraction of
=1 60 - « Signal A? — AK™.
<140 s
ol Background
wn 120 e AZ—E0R Theoretical predictions B(Af - AKY) (x1073)
§> 1(8)8 SU(3) flavor symmetry [8] 1.4
L 60 Constituent quark model [14] 1.2

40 Current algebra [15] 1.06

20 Diquark picture [16] 0.18-0.39

ok SU(3) flavor symmetry [17] 0.46 + 0.09

525 23 235 24
Mg (GeV/c?)

* Singly Cabibbo-suppressed BF are measured relative to the CF process.

B A'C"—>AK+
- W = (4.78  0.3451qr £ 0.205y5)%

=>Consistent with Belle (7.4 & 1.05a¢ £ 1.25y5)% and BaBar (4.4 £ 0.4gga¢ £ 0.35y5:)%

° R

© B(AF - AKY) = (6.21 + 0.4444¢ + 0.264y5 + 0.34,7)x107*

=>significantly lower(~40%) than the prediction based on pure SU(3) flavor symmetry, constituent
quark model and current algebra. =>nonfactorizable contribution are underestimated?
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BF measurement of AL - 2K+, X+tK?

PRD 106.052003

N(Z°K*)=43.444.2 N(ZtK%)=43.61+6.0 (2022).
_ 4 {s = 4.600 ~ 4.699 GeV - s = 4.600 ~ 4.699 GeV _ Is = 4.600 ~ 4.699 GeV
] + Oy + N& A:‘_)Z"'Ko RN At Z+K0
§ 30 AR > S > 107 | cq._) S e
v v 10% > [ digi8i5,508 W
= z = _
S 20p , 2 . e
F bt B 2 [
> o T : H : € . 3
= Eﬂ; P Seplt &= ! = IR
A . ik ! ‘I'%. 1 eodegrgrepbiptnedopen | T AT | i
226 228 23 23 234 226 228 23 22.32 2.34 1.15 1.2 1.25
’ ’ : : g M. . (GeV/c 5
M, (GeV/c?) pehteYie) M, . (GeVic?)

Two singly Cabibbo-suppressed decays which only receive ~ ° 2D fitting is performed for A7 -

‘ e +10 o -
nonfactorizable contribution are observed. 27Ky since the contamination of
AF - pKOn®

B(Af-ZOK*
= ( i_ ) = (0.0361 i 0-00735tat i 000055 St TABLE 1. Comparison of various theoretical predictions and
B(Ag-Z0ntt) y : : o’ i
c the experimental values for B(A; — ZK) (in unit of 107™%). In
B(AF-ZTKD) Ref. [2], alternative assignments to QCD corrections give differ-

= 00106 -I__ 0003 1stat i 0-00045y5t ent predictions as shown in the parentheses. The theoretical

uncertainties in Ref. [3] are estimated to be 25%, arising from a
slight change of the MIT bag radius.

T B(AF-sztatno)

B(Af - ZOKY) = (4.7 £ 0.95¢qr + 0.15y5 + 0.3,0¢)x107* B(A; > X°K") B(A; - XKY)
—_ QCD corrections [2] 2(8) 2(4)
B(Az'- - Z+KSO) = (4’8 i 1-4stat i 0-25yst i 03ref)><10 4 MIT bag model (3] 72+1.8 T:2:1.8
Fi f A+ Z+K0 Diagrammatic analysis [4] 55+1.6 9.6+24
Irst measurement for A, — S - SU(3), flavor symmetry [5] 5.4+ 0.7 54+07

+ O+ ; ; i IRA method [6] 5.0+0.6 1.0+04
A7 - Z. K™ is consistent and comparable with Belle and BaBar. [/.700 ey
In consistent with SU(3) flavor symmetry.
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O, netn~nts nKntnt

CPC47.023001 (2023).

First observation of AL - nm™¥m

: == Dat nn+ no (a) . =4é= Data o I : (C) n
[ —Taait 60 - Z N e nntn nwt - maro
NL) 150 __ 23—)/\7[‘7[0 NU - == Chebyshev o 200 = j o] : 1?_:1)1:12_7[‘#
; - — A:—?Zon*n‘) ; - comb. BKG \Q B === Chebyshey
ﬁ - — AA,BKG %) n % o 1 O [ comb. BKG
- === Chebyshev | C
[« - B com. BKG o 40 E 150 - > 0]
o 100 vy B =) [
— o ~ o vy B
% - % 20 _— g 0E nK_T[+Tt+
| 2 B
S 501 m L s
N |50
:]] ’ ¢ ( ] é (] é ; s a5
=K Soegegddetiatigetdibasita bt caapd pog ndos & 5 ) 555 - 5 0 fegyies )
-3 . 3 . A
M () (GeVlc?) M. (K1) (GeV/c?)

* Two singly Cabibbo-suppressed A} - nrtn®. nr*n~n* decays and one CF A} -» nK~n*nt was
firstly observed.
° Absolute BFs are measured to be

B(AF > nntn®)= (0.64 £ 0.0954¢ £ 0.025y5¢)%
B(AF > netn~nt)=(0.45 £ 0.0754q¢ £ 0.035y5:)%

B(Af » nK " ntnt)= (1.90 + 0.08544 + 0.09,,5:)%
B(Aé-pmtnT) _
B(Af-nm+m0)
B(At-nntn0)
B(Af->nnt)
B(At-nntn—nt)
B(Af->nK—ntnt)

0.72 £ 0.11 =>crucial inputs for SU(3) flavor symmetry.

= 9.7 £ 2.4 => intermediate resonances contributions needs to decouple.

= 0.24 £+ 0.04=>consistent with |Vcd|/|Vcs|= 0.224 + 0.005.
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TABLE VI. Comparisons of the BFs of A} — nK2r" anc

A} — nK2K™" between experimental measurements and the

oretical predictions.

M. . (GeV/c?)

PRD 109.072010(2024).

s
=

nK%t (x1072) nK K™t (x107%)

N
T

Events /(11.3 MeV/c2)
—
- HH
18l
3 +—
4 —
b p——
e

- 4
‘ LR K d
T

—_——
Events /( 2.5 MeV/c?)

wm

0.7

?&fm ] (GleVZIc“l)'1

0.5 0.52 0.54

M. (GeV/c?)

The precision of B(nK2n*) improved by
a factor of 2.8

First evidence for singly-Cabibbo-
suppressed decay Af » nKQK*[3.70]

Geng [33] 0.9+ 0.8 59 + 13
Cen [34] 1.1+0.1 3149
Fravious result [7)] 3.64£050 - Tension with SU(3) flavor symmetry
This work 3.72+£0.16 £0.08 86737 +0.7 . : :
= prediction=>More detailed dynamic
analysis should be further studied.
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BF measurement of AE - nX PRD 108.L031101 (2023).

R NS ER R S R | [ P B T S TR | R TRLLOR, L B | T S L L)
@ - ¢ Data ]

| e

A!K, background -
@ 23 qq background
er b =

° The deposited energy in EMC is used to identify 7.

g
A

L

Events / 100 MeV
N W
[%1 T1 |8II 5L

g
L AL

oo|||

E_(GeV)

° Data-driven technique to model n behavior in the detector.

* Absolute BFs are measured to be
B(A; - nX)= (33.5 + 0.75¢q: + 1. ZSyst)%, precision up to 4%.

* All known exclusive process with neutron in final state is about 25%=>more space to be explored.

* Asymmetry between B(Af - nX) and B(Af — pX) is observed.
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A > AK T, AK Tt

PRD 109.032003(2024).

a> 400 T T a> 120F T T
2 ;’ C
% 350 (a) —4— Data © 100 P (b) —— Data ' E
= 300 — Total fit P - — Total fit
< — Ag=AK*n® — o — Ag—AK E
X 250 A;—Z"K* background N & B Ao 2;‘;/:::3 TCKQ":‘W ]
B ARGUS background ~ r ackgroun E
‘g 200 -.=.- Un-matched background *2 60 r -+=-- Un-matched background .
L%’ 150 B~ L%’ aoF
100 B4
208
50 C
0 C r i i " " i "
0 i i " A " " A n
28 23 24 = 28 o D
Mg (GeV/c?) BC

First observation of the singly Cabibbo-suppressed decay Af - AK*n° [5.70]

First evidence of the singly Cabibbo-suppressed decay A} » AK*ntn~[3.10]
B(AF->AKtO) _
BT ATT) = (2.09 £ 0.39¢q¢ £ 0.07y5¢)x1072

B(Af->AK ™)
B(AF>Antntn—)

(1.13 £ 0.415¢4¢ + 0.064y,5:)x1072

* B(A} - AK*1®) = (1.49 + 0.27 54  0.055y5r £+ 0.08,) %1073
° B(Af » AK*ntnT) = (4.13 £ 14854 + 0.205y5 + 0.33,07)x107*

* 3.50 deviation with SU(3) flavor symmetry prediction.
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AL > X" K*tnt

d d|
c Srx”
d]
At W+ <&'-n+
u_
§ .K+
Lu u|

@

d . u
a™
w- =l
d
Afqu ; diz-
=
S K+
LC u
(b)
G o0+ Data (b)
S80F—— Al—= ZK'n*
270F-w At EK'n
< 60F.....Background
SS0F
T A0F
230
520F
R 10F
ol

12

09 1 1.1
M, (K*n*)(GeV/c?)

I, S
115 12 125 13

©

i S 3 s s

135 14

M,.(K*1)(GeV/c?)

,,,,A:_.E*OK+ (d)
— - Background
mm Three-body Aj— EK*n*

15 155 16 165 17 175
M,.(K*)(GeV/c?)

PRD(L) 109.L071103(2024)

A} - X™K*n* is the simplest singly Cabibbo
Suppressed process with a £~ directly in the final
state.

BESIII firstly observe At — X~ K*n* with significanc
of 6.40

The branching fraction is measured to be (3.8 +
1.3star = 0'25yst)><10_4

B(AF->Z K*nt)

_ . )
B oy = (203 £0.72)x107%~(0.4 £ 0.1)s?

=>indicates the nonfactorization contribution is
important.
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PRD 109.052001(2024).
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Table 9. The comparison between the measurement and theoretical predictions (x10~%).

A} — Z(1530)°K*

AF - E°K*q°

AF — XK t70

Af - AKT7°Af = nK*7°

This measurement 5.994+1.04 £0.29 |7.79 £1.46 = 0.71 <18 <20 <0.71
K. K. Sharma et al . [23] — 45+ 8 1.24+0.3 45+0.8 0.05 £+ 0.005
Jian-Yong Cen et al . [24] - 32+6 0.7+£0.2 3.5+0.6 | 0.05=x0.006

B(previous results) [48]

5.02+0.99 £0.31

* CF At - Z°K* 79 are observed with significance of 8.6c

© B(AF - E0K %)= (7.79 £ 1.464;  0.715y5,) X1073=>Smaller than theoretical predictions
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