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e Introduction
* BESIII experiment
+ +
° AC — Ae Ve Based on arXiv:2207.14149

+ —,+
A > pK e"v, Based on arXiv:2207.11483

. A-CI'_ - A7T+7T_€+Ve and A‘é’ — pKS(,)T[_e-l've BESIII preliminary

* Other ongoing analysis

* Summary
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Introduction-Theory(I)

« Weak decay of heavy baryons: A¥ - A(pmr)etv,

+ Differential decay width: dT' = —

* Helicity amplitude formalism: M = H#L,

Leptonic current: L,

Hadronic current: H#

)4, [M T2

™ Four-body phase space

Integrate out W

s S

(4

quark interaction strength V' — A theory
"\ 7w
/7
\ 7’ b

N
Weak decay effective Hamiltonian: H ¢ = —FV s[SYH (1 —ys)c][vy, (1 — ys)I]

2 e
Test SM and probe NP ™/ |
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Introduction-Theory(1I)

* Leptonic part can be precisely calculated.

* Hadronic part is hard to calculate from first principle, since strong interaction is involved.

» With the help of effective field theory, hadronic amplitude can be parameterized by form
factors which are hybrids of on-shell states and off-shell operators.

* (A(p2, 52)|Hegel Ac (D1, 1)) = (A(D2, 52)|(V — A)|Ac(P1, 1)) Form factor is a function of transfer momentum q = p; — Py
- H,), = <A(p2 52)|V |A (p1, S1)> = u(py, S) [Vuf1(q2) + l%vm— ,(g%) + f3(q2)] u(py, s1)

¢ HyD)y = (A 5| Au|Ac (P 51)) = TPz, 55) [1091 (62 + 104095 () +—gg(q2)]u<p1 51)

* HAAAW - HM(AA)EM(AW) = [HV(/lA) — Hy (AA)] ME”(AW) = Hy(ApAw) — Hy(ApAy)

« Six helicity amplitude: H, G 0), Hy (% 1), H, (% t), H, G 0), H, G 1), H, G t)
* In the limit of negligible lepton mass, only four of them remained: HV\G&)’ Hypg_,il

|Hy/2 11*=|H_1/2 —1|?+|H1 /2 o|*=|H_1/2 0|*
|Hy/2 112 +|H_1/2 —112+|H1 /2 |2 +|H_1 /2 ]?
* How to obtain FF in theory?
I Model prediction: NRQM, MIT bag model, RQM, LFQM,
QCD sum rules, SU(3) flavor symmetry
LQCD

Semi-leptonic A} decays at BESIII 5

* Decay asymmetry: a, =



Introduction-Experiment

* In 2015, BESIII reported the first measurement of absolute
branchmg fraction(BF)

* B(AY - Aetv,) = (3.63 + 0.38gpa¢ £ 0.205yst )% } Exlusive
« B(AY - Autv,) = (3.49 + 0.46440t + 0.27 5yt )%
« B(AF - Xetv,) = (3.95 + 0.3445 + 0.095:)% |- Inclusive

PEKING UNIVERSIT

* What about other decays: A, = A(1520), A(1405) A(1600)?

B(A+—>Ae ve)
B(A"'—)Xe"‘v ) (91 9 + 12. 5Stat + 5. 4syst) %

. B(p°-K"e ve)
B(D%->Xxetv,)

I Table 1: BFs of the SL decay A} — A*etv. compared with different theoretical estimations. To |
| distinguish different papers using constituent quark model, HR denotes Hussain and Roberts, I
| PRCI denotes Pervin, Roberts and Capstick. All the values are given in unit ot %. |

1 ‘ State ‘ Chiral unitary Light-front

HR [28] ‘ PRCI [17] ‘ Lattice QCD [32] :

. approach [29] | quark model [31] I

¢ GO aIS . | A405) " | 024 | 038 |(2-5)x10%| 031+008 | — \:
I|A(1520)2 | 5.94 x 1072 | 10.00 x 102 | e | — | (5.1240.82) x 1072 |

. . : . I

° ImpI'OVe the preClSlOﬂ Of BF |\ A(1600)1" | 1.26 x 1072 | 4.00 x 102 | (T£2)x 103 | — L

1| A(1890)3% [316x 1074 |  — |

* Measurement of form factors A¢ = A v im0
I 2

» Search for more A, semi-leptonic(SL) decay channels

Semi-leptonic Af decays at BESIII 6
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* BESIII experiment
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BEPCII @ e 7 K F

PEKING UNIVERSITY

2020 energy upgrade to 2 45 GeV
' 2004: started BEPCII upgrade,
IS ON BESIII construction
’ N 2008: test run
BN 2009-now: BESIII physics run
' 1989-2004 (BEPC):
Lpeak = 1.0x1031 cm
2009-now (BEPCII):
Lpeak = 1.0x1033 cm™

Xu-Dong Yu Semi-leptonic Af decays at BESIII 8



BESIII detector

m09~1.0T W 9 layers (barrel) + 8 layer (end-cap) | ® 0 = 90 ps (barrel)

[Superconducting solenoicﬂ Time Of Flight (TOF)
B o, = 65 ps (end cap)

\ | P
RPC: 9 _ RPg : 8
ayers ers
i i
SE N é” I\ J I \
Solenoid "H]]’ ‘ | i
NN i i
Barrel H][ f'l,il
ToF ‘H (e~
Endcap L
ToF
SC
Quadrupole
ot — = —— :
/ \ ( Main Drift Chamber (MDC?
| o, =130 um
B AE/E = 2.5% @ 1.0 GeV B AP/P =0.5% @ 1.0 GeV
B oy, =06cm@1.0GeV B 04g/ax =6 — 7% ;

Semi-leptonic Af decays at BESIII 9



7 ] | |
- J/Y [ BES II ’06 ’09
* Threshold effect: ¢ F "l Vel c
pair production of s  FLuTO E
charmed baryons without " . | cnea | e
accompanying hadrons! . L o | J R .
— . | I L
« ete™ » ATAC , e @J L l_ ' RN | E
3 3.5 5
PDG2022

* Center-of-mass energy: 4599.53 + 0.07 + 0.74
Ecms = 4.6~4.7 GeV 4611.86 + 0.12 + 0.32
* Integrated luminosity: 4628.00 + 0.06 + 0.32
4.50 fb~1 4640.91 + 0.06 + 0.38

4661.24 + 0.06 + 0.29
4681.92 + 0.08 £ 0.29

Double Tag Method can be used.

Kinematic relation to constrain 4698.82 + 0.10 + 0.39
missing particle.

5869+ 0.1 +£39
103.83 + 0.05 £ 0.55
521.52 1+ 0.11 + 2.76
552.41+0.12 + 2.93
529.63+0.12 £ 2.81
1669.31 + 0.21 £+ 8.85

536.45 + 0.12 + 2.84
Chin.Phys.C 39 (2015) 9, 093001
arXiv:2205.04809

Semi-leptonic A} decays at BESIII



Analysis method

* Double Tag(DT) Method

NS = 2Ny By B 6]

* 1 for Tag mode, a for energy point

DT _ _ . m..minter . minter , DT
* Nis,a_ZNAZ'Ag B; - B; Bs - Bs €is,a

* s for signal mode

ST
Nia

DT _ DT _ . minter a
¢ Ns - Zi,a Nis,a - Bs Bs Zi,a (e-ST gis,a
La

o —
|
|
2 NDT l Ng' :
. _ —
_ NS inter nST. SIS |
inter La DT 'B ‘N>"-g
SRR N B -
_ ST
® NST = Zi,a Ni,a

NST

sig _ ia DT ST
O T E D (£$T gis,a)/N
La

U ,iss definition

Emiss = Epeam — ZfeSignal Mode Ef;

Pmiss = Paf — ZieSignal Mode Pr

:Umiss = Emiss — €|Pmiss| :

Characteristic variable of the signal

signal events peak at 0 in Up,jss distribution

Tag Maode

4 \ et

Example of

AL > Antn—etv, n'\
VS. +

Xu-Dong Yu

Drawn with Besvis
Developed by Z.Y. You, S.H.Huang @SYSU,
P.X. Long, Y. Zhang, etc @IHEP
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Events/0.001 GeV/c?

ST data set reconstructed by 14I .
hadronic A, decay mode

 Ngp = 122268 + 474

: ' Fits to the Mg distributions
l for different ST modes at
' \/_ 4.682 GeV.

400F
300f
200F
100F

400F

200§,

600F
400F
200ps,

150f
100f
50

150F
100}
S50

225

Xu-Dong Yu

0 = =100
PKs 3000} pKm 300f pKgm
2000} 200+
1000f 100 -
PK g 800f pK*n® | 400} Av
600} 300}
. 400} 200+
200" - 100}
Annd 600F ¢ At '
400t 200r
200k % 100}
e 800} Satn 800t prtm
600} 600k
. 400 - 400}
== 200+ 200+
't w0 225 230
D 1 S an’
200+
TR 100 _
.
2.30 225 2.30
2
My (GeV/c?)

Select 51gna1 Aande™

in the recoﬂing side of Ay

Semi-leptonic A} decays at BESIII

|

I 3001 —+ data

I ~ 1.14 % — total fit

I t\é O - A Au'v,
> Lo 5 200f Al AR

| g 1 12 e L oy S --J other bkgs

. . l Z I

I 5 100}

|

I 02 -01 0.2 -0.1 0.1 02

I mlss (GCV) mlss (G¢V)

| i nal{ Core: Gaussian MC-simulated background shapes

| V'8 Tail: power law < ISR & FSR

|

| B(A+—>Ae v.) = (3.56 + 0. 11+0 07)%

I > NOY =1253+39 P

' > gz‘g,, — 0.2876 ,/systematic

i eTve v

I e tracking 0.4% ST yields 1.0%

| e PID 0.5% Uniss fit model 1.0%

| A reconstruction 0.2% Quoted BF 0.8%

|  SLsignalmodel  0.6% MC statistic 0.8%  Total: 2.0%

(K




Definition of the polar and the azimuthal angles Differential decay width

d*T _ G%|V.|?  Pg?
dg?dcosfcdcosbpdy ~— 2(2m)*  24M3

{ g(l — cos@e)2|H%1|2(1 + aacosb)p)
3 2 2
+ §(1 + cosfe) |H_%_1| (1 — aeacosby)
i N . 3. 2

A, ) + 4 sin 96[|H%0|2(1 + apcosbp) + |H_%0|2(1 — apcosby)]

4
4

X

3
+ ——=aacosxsinf.sinf, x

2v2
/ / [(1 —cos@e)H_%oH%l +(1+cos96)H%0H_%_1]}

: _ v A V(4) gvA
where: H)lAlW = HAAAW — H/‘lAAW and H—/’lA—/l = +(—)H Ay
Qs = (Ma, £ Ma)? '-_V_z_j____1_____2____2___2__2_I
parameterlzed by F@ = G vmpr = g HOMa M= @ al parameterized by

“Weinberg form factors” @) = WUL@Z) Al ! “Helicity form factors”
Ly e (Mt AL)_ oAl T P = —C 1 My~ M) - .- 4] T I =T 2
HY = N20IF @)@, y; (M W= . " hoHp = V20 fu(g),
1 L) pag2y — M- (M — My 2 2 1 1 Following LQCD
o (My; — My) @) - 29+a)~ 9. " ) g
:H/;l = V20.[FHg) - TFA( gl :_I-_- = éM-AC_- A:m-_- R R R :I >: H%l = V20+9.(q"),
- 0. Y The bridge of - -,
o = [ 2 [(Mar + MA@ + EF 2@ | “Weinberg form factors” H o = O-/9°f+(@ )M, + Mp),
I ! I
and
1 gA  _ o . A 2\ A 2 L. I 7A _ 2 2
1 H%_O_‘_ _\/_ 2 [(Ma: = MOFY(@) F @) | “Helicity form factors”  H lo = \Q+/9°9+(q) My, — My).

Semi-leptonic A} decays at BESIII
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Parameterization of helicity form factors PR

308 PEKING UNIVERSIT

Ay

1_q2/(m£ole)2
. f

m/ o pole mass, m/H/ = 2.112 GeV/c? and m¥%9* = 2.460 GeV/c?
. o

a, and a{ : free parameters
2 (Vte—q?—/ti—to)
s e
() Wt+=q%+/ti=to)
* mp = 1.870 GeV/c? and my = 0.494 GeV/c?

* z-expansion: f(q?%) = [1+ af xz(q?)]

. 2
with ty = qrznax = (mAC — mA) ,ty = (mp — mg)*

* Five independent free parameters: g
gL fi _ Sy 91 _ B I50f
a;-,a; and 1y, = a /ao T = 3100}
(=]
alt/ad* and 1y, = ad*/ad" 3 sof
» Choose ag* as the reference and set & 05 1 05 0 05
ang. _ aiq+ and a{J_ — a{+ g2 (GeV¥c*) cosf,
*  Four-dimensional ML fit performed g 150 ; 4 8 ISOW
*  Only ratios of amplitudes can be g1oor ?\é 100}
determined in ML fit. Q S0t 2 sof
. 1 - )
Absolu.te V.alues needs BF input R >
normalization. cos8,

* Form factor A, — A firstly measured!

Semi-leptonic A} decays at BESIII




Indirect Test of SM

Tdr GE|V.q|?
Fl sl XPqZX |

l
| 492 192n3M,{

[IH1 1+ |H_ L |2+|H1 12+ |H_ ! 7]

q max

dr Ja? = B(AL - Ae™v,)

& dg? = f A .
dq? Ta, B(AT - Aev,) = (356+011+007)/o

Measured from B

0

n
[oF
T
o
i
S X
T T T TS T T o T m s [ Qoo
i Four-dimensional ML fit to data | 8 H
| .
1 Parameters af a{ - rr. N Ty ! / Q_q g
| [alues  |T45£2.00 £ 010|515 % 1.5 0.05[ 1.5 £ 0.32 £ 001|362 £ 0.05 £ 002 13 0135 001] | ~ LHCb A ArX
Coefficients af*t al" s, i Tg. 1 — o +Data
| e ~0.64 0.60 ~0.66 ~0.83 ~0.40 I =
ks ~0.63 0.62 0.53 ~0.33 1
al* —0.79 —0.67 —0.07 1 ©
1 | 0.57 ~0.09 < o
| 0.39 1 ()
!  orto0L toon - Ves| = 0.97320 £ 0.00011 g
— U -Ustat. Ulgyst. 1 . [
| Y smnres
I . I CKM unitari
3 “DATA: A= Aely,
I I
I I
| |
= |
! 0 0.5 04 0.5 1 I
1 4> (GeV¥ c‘) 4* (GeV?/c*)
I I
| |
I I
" 1 Consistent with |V.;| measured in D — Klv;
I ———————————————————————————
| 0.4 —
1 © O Floeviey * vy ' IlVCSl 0.936 £ 0. 017B t0. 024LQCD t0. OO7TAC

Semi-leptonic A} decays at BESIII



f1(g?»

f, (4%

FIG. 3. Comparison of form factor.
bands show the total uncertainties.

* Dependences of measured FFs show 7

L...DATA: Af— Ace'v,
== LQCD: A{— Ace'v,

o
.
-
o
S
0
!
0y
.
.*

.
.
""""
.
......
------
-------

0 05 T N 05 i
q% (GeV¥c#) \ q% (GeV¥c#)
Steeper slope Gentler slope
‘ with LQCD calculations. The

\

different kinematic behavior
compared to those predicted from
LQCD calculations.

/

/
/
/
/
/

* No clear difference is observed within

Xu-Dong Yu

uncertainties for the resulting
differential decay rate of LQCD.

7’

. s
The comparison between other  ~

theoretical models.

culations and our measurement.

----- DATA: A{— Ace'v,
_ o2 . LQCD: A= Ae'v,
% eemsmIIIIIIEIEIIIIaaaLLL
S 015 et T,
e N .
(\l@4 0.1 ’.“"
z
% QW
005 N
4 Provide first direct comparisons to LQCD
I 0 | | | | | |
0 02 04 0.6 0.8 1 12
> (GeV/c*)

! FIG. 4. Comparison of the differential decay rates with LQCD pre-
!  dictions. The band show the total uncertainties.

TABLE III. Comparison of B(A — Ae*v.) from theoretical cal-
Disfavor at C.L. more than 95%

B(AT — AeTve) [%]

Constituent quark model (HON_R)[S]
Light-front approach [9]

Covariant quark model [10]
Relativistic quark model [11]
Non-relativistic quark model [12]

4.5 |
1.63
2.78
3.25
3.84

Light-cone sum rule [13]

Lattice QCD [14]

SU(3) [15]

Light-front constituent quark model [16]
MIT bag model [16]

Light-front quark model [17]

This work

3.0 £0.3
3.80 +0.22
3.6 £0.4
3.36 +0.87
3.48
4.04 £0.75
3.56 + 0.11 £ 0.07

Semi-leptonic A} decays at BESIII
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Measurement of B(AL - pK~ e*v,)

» ST data set 1s same with last analysis.

e Select signal pK ~e™ in the recoiling side of Ag

= Contamination from A - pK~n™ and Azr - pK ntn?

'_"'_'::::::: __________ t _________________
. .. . ' Additional 7z° searched and veto Mg signal region,
* Fit to the Upjgs distribution  t---------------=---------=2--m-- 2o
20| —e— data
— total fit .
: Core: Gaussian
> I Ao pKev, ‘ > Slgnal{ _
TOISE e, Tail: power law < ISR & FSR
S =t Ao PR — = { ------------ > :|> MC-simulated background shapes
% 10} -—-otherbkgs — — - - - - - - - -~ N 8.90g!
E» B(Af > pK~etv,) = (0.82+0.15 + 0. 06)x1073
5 > Nz?g oty =33.5+63 g
V4 o
pK-etve — N
0.2 p tracking(PID) 1% (1%) ST yields 1.0%
K tracking(PID) 1% (1%) Unniss fit model 3.8%
e tracking(PID) 0.4% (0.5%) Ry 3.6%
. SL signal model 2.7% MC statistic 1.0%
Total: 7.5% Mg requirement 2.1% Mpg-e+ 3.1%

Semi-leptonic A} decays at BESIII




* To extract the yield of At —» A(1520)e*v,, a two-dimensional (2D)
likelihood fit is performed to the Mk~ and Uy distributions.

0.2
L]
. . .. —t— data
L]
. ] . 10 — total fit
0.1 . * =
~ .‘ ® . > e =
> . A L o i
S il e s S - N pK — = | =
Y o
= 00 &y TN, LI = e, —
22 ° . + "
g . SRR TR . T T Ac PKUY, = =
K Z
o1 C :
0. i
L]
‘ | * 9
TS e s sl e

| |
15 16 17 18
M (GeV/c?)

15 16 1
M (GeV/c?)

B(Af -» A(1520)etv,) = (1.36 + 0.56 + 0. 1§1)><10—3
> Nyasaopety, = 115147 TY~o
> & sa0pety, = 0:0691 Evidence with 3. 80!

gy

systematic

~

\\

~ a2
N

f’

-

DT

» N - ety =210+ 6.0 1. Non-resonant(NR) decay
p non—A(1520) e . *
sig 2. Broad excited A* states:

> ¢ = 0.3222 - A(1405), A(1600) ...

- +
pKnon—A(lSZO)e Ve

B(A} - PKyon-a@is200€¢Ve) = (0.53 £0.15 + 0.06)x1073

->
->

fixed to PDG

fixed to MC simulation

W ssoet, 1> RBW(mg,Ty) * G(u = 0,0)

e MC-simulated background shapes
Sources A(1520)e*ve  pKpon-ac1520)8 Ve
p tracking(PID) 1% (1%) 1% (1%)
K tracking(PID) 1% (1%) 1% (1%)
e tracking(PID) 0.4% (0.5%) 0.4% (0.5%)
SL signal model 2.1% 8.5%
Mg requirement 2.1% 2.1%
ST yields 1.0% 1.0%
Fit model 4.5% 4.8%
Ry 1.7% 1.4%
MC statistic 1.0% 1.0%
Mpg-e+ 3.1% 3.1%
Quoted BF 4.2%
Interference 6.1%
Total 10.2% 11.0%

Xu-Dong Yu Semi-leptonic Af decays at BESIII



Discussion

* Considering systematic uncertainty,
« Af > pK~e%v, is observed with 8. 2¢ significance.
 An Evidence for A¥ - A(1520)e*v, with a significance of 3. 30.

* Comparing with BESIII measurement for the inclusive SL BF,
* [B(AE - pK~e™v,)/B(AE - XeTv,)] = (2-1 + 0.4gtat. + O-1syst.)(y0
« [B(AE » A(1520)e*v,)/B(AE — XeTv,)] = (3.4 £ L4gar + 0.4yt )%

« Comparing with theoretical calculations, the measured BF for AL —
A(1520)e™ v, is consistent with all these predictions within 20.

B(AF — A(1520)e™ v.) [x1077]
Constituent quark model [4] 1.01
Nonrelativistic quark model [5] 0.60
Lattice QCD [17, 18] 0.512 £ 0.082 £ 0.008
Measurement 1.36 £0.56 &= 0.14

 Extending the understanding of A} SL decays beyond the mode A¥ — Al*v,.

* Prospects: amplitude analysis of pK~ mass spectrum, form factors

Xu-Dong Yu Semi-leptonic A} decays at BESIII
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° A-(I; — A7T+7T_e+ve and A-(I; - pKSQTI:_e-I_ve
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Signal selection
» ST data set reconstructed by 12 hadronic A, decay mode

~ A :PK _ AbopKT ~ APk ~AopKmT
o g vt 2 o g
~ % 1200 (- > 90 > >
ST = u)ooE ﬁ 3000 ﬁ i3 ﬁ
o E 3
S ot g o =er 5
EP 5 s ™ 5
£ 400 S 2000 = 200 i =1
2 £ | o i 5]
m ZU()Er LZ 1000 u>l 1 . ut\ 1
0 is ¥ A A gy f e,
226 228 23 232 234 0726 228 23 2m 2 0526 208 23 230 234 s 23 a5
My(GeV/c?) My (GeV/c?) Mo (GeVic?) M, (GeV/c2)
BC! sc(GeV/e pc(GeV/c?
‘AT
_ ArpKTn s & AATT _ AiATTT
————————————————— L 2omf F < ool % 3
2 1800 E ;‘: > 1200 = :::
1600 o0 E
! | Fits to the Mg distributions! S S Eal S
2 1200 F = >
I mum? <4oo < ol 400
T Relative high
l for different ST modes at s : . 2l | elative hig
2 00 m 100 2 2001 2 LR B
@ m 2 i) P !
200 & AN s y 4 100 Y
oy irunueprsgregutn 0 1 rngngn J v
| V 4’ 682 Ge V. "™ 28 23 23 2m a6 28 [2‘43 (Zisz/ 254 "7 2w 23 232 23 0 =2 35 o o baCkgrOund |eVE|
2 eV/c? 2
__________________ Mpy(GeVic?) el ) My (GeVie?) My (GeV/c?)
= 415\“;—>Z“1|:’ = AP & AT - AP
= 3 sop S b Gt —/
> 400 > > 1o S 1200 - /'
§ 350 2 200f E 1000 0 - 7’
= = 1000
o 30 ©° ©° E Vd
250 s 10F o : xﬁ 7/
29 3 ok EP i
2 0 § 2 § 00 g S 4op 4
Bo5 o 3 @ 200F >
. @ 200
ot i Z S, ) .. *
20-=22 ;13 (éizwci')“ %52 T1m 23 23 234 07526 2w 23 23 24 e 23 25333
BC My (GeV/c?) My (GeVlic?) My(GeV/c?)

* Select signal AT~ et (pKdm~et) in the recoiling side of A
= Challenge from misidentification between eand

! \v The phase space of 5-body decay is very small'
1 v Low momentum of e /T causes serious
,  misidentification

dE/dx [mip]

separation power n
(3

© a4 N W & 00 O N o ©
L LA AR T

-
=)
S E
-
o

p [GeVic]

momentum (GeV/c)

Xu-Dong Yu
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> Antn~etv,(pKdn~etv,) mode
1.

Tight PID requirement
« Tag mode At —» pn*n~ and A} - Xt~ electron EMC Info valid
* Prob(e)/[Prob(e) + Prob(m) + Prob(K)] > 0.99(0.98)

Y-conversion background
* cosf(e,m) < 0.88(0.92)
Antn~nt (pKdnr~n™) background

« M(An*m~e(m)*) < 2.27GeV/c? (M(pK{n~e(m)*) < 2.28 GeV/c?)
Miss-t°(y) background

* cosB(miss,y) < 0.81(0.90)

&
3/2+VB
[1] G. Punzi, eConf C030908, MODT002 (2003)

Cuts optimized with FOM scanning by using Punzi-FOM!!1 =

S 6 tam £=9.132% 5> 2f taam € =12.705%
é" L EISig:lal MC Nyig = 11.200 é" [ [Jsignal MC Nyyg = 3.225
= - .An+n'n++c.c. FOM = 0.019 - C .ngn+n'+c.c. FOM = 0.039
g L .An§n0+c.c. g 15 .pKZn"+c.c.
2 4| Avorec ] [ pK'n'n'+ec
= [ = [ H -
> [ Dsratec [ [ WpKortec.
M= [ Wother A, bkg = 1= [Dother A bkg T T
[ Pnon-A, bkg I [non-A, bkg . . . . .
1" C . Signal MC is arbitrarily normalized
05
0 o
02 -0.1 0 01 02 02 -0.1 0 01 02
- U . (GeV - U_. (GeV
A-é- e d AT[+]T e +'Ve mlss( ) A'('; - pKS(')T[ e +ve mlss( )
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Signal yields estimation

* No signals observed on data, setting ULs on BF.

Maximum likelihood estimator extended from the profile likelihood method!'’.

[1] NIMA 551, 493 (2005).

The backgrounds separated into two categories:
* mnon-A. background, denoted as bkgl = = = =—» [Estimated by data sideband
* A, background, denoted as bkg2 = = = = » Estimated by MC simulation

The observed events consist of three parts: signal, bkgl and bkg2

* N°PS = Ngo + Npgg1 + Npkgz = — = =>  Background estimation

« N°Ps follows a Poisson distribution(:P), N°PS~P (Nobs, Nsig + Npkgr + kagz)

. Nsig — Bsig . Binter . NST . gsig — Bsig . Neff

« Ne expected to follow a Gaussian distribution (G) with mean BT . NST . ¢ and width

i
: : . "M
inter , pn7ST | .S18 | eff _ eff inter | ;ST | .SI18 inter , \7ST | .SI18 |
Binter . NST. gy8 . g, Noff~g (Nff, Binter. NST. .78 pinter. yST. 2 JC)

6Neff . SBsig .
Neff - -

— — — = =» Systematic uncertainties estimation
sig

Semi-leptonic A} decays at BESIII




e Joint likelihood function:

o [ = :P(Nobs | Neff . B+ kagl 4+ kagZ) . g (Neff | Binter . NST sig Binter . NST .

sig SB MC MC
EMmc * O') : :P(Ndata | kagl/r) ’ g(kagZ | kagz 'O-bkgz

"EMmc

* Based on the Bayesian method, likelihood is a function of signal BF ‘B, with variation of
Neff, kag1 and kagZ- """"""""""""" ':

Decay mode IN©bs

MC MC
r N, bkg2 bkg2

Af 5> Artrmetv, 4
A -5 pKiretv, 2

The fixed parameters for joint likelihood fit. 1
NST Binter gi;IgC o N(?a]?:a
123147 63.9% 9.13%  5.2% 9
123147 69.2% 12.70% 7.5% 0

1.533 5.3 0.4
1.533 2.2 0.2

 The UL on the B(A} - Artn~e*v,) at 90% C.L. is 4.4x107%,

* If assuming all the final states from A(1520), the UL on B(Af - A(1520)etv,) at 90% C.L. is 4.9x1073.
e If assuming all the final states from A(1600), the UL on B(Af - A(1600)e*v,) at 90% C.L. is 1.0x1072.

 The UL on the B(A} - pKdn~e*v,) at 90% C.L. is 3.8x107 .

B(90%C.L.)<4.4x10™

B(90%C.L.)<3.8x10™

L h h L L
0 0.001 0.002
B(A:—Ax"metv,)

Xu-Dong Yu

Il L PRI Il L
0.003 0 0.0005 0.001 0.0015
+ 0_-
B(A; —pK § etv,)
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0.002

e e et el e e ]

1 B(A(1600) - £(1385)1) = (9 + 4)% |
1 B(2(1385) - Anr) = (87.5+1.5)% |




Outline Je X}~ J, ;}1

PEKING UNIVERSIT

* Other ongoing analysis
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Other ongoing analysis

>AL - netv,
* Singly Cabibbo-suppressed transition ¢ — d
* Many theoretical-model calculations
* Challenge in experiment:

1. Two missing particles: n and v,
2. Huge background from Af —» Ae™v,

Quoted form Table XXI in arXiv:2109.01216

Process NRQM RQM RQM QSR QSR CQM LQCD LFQM  SU(®3) Expt
[232] [236] [237]  [243] [244] [238] [248, 249]  [227] [251] 31]
AY > A%ety, 3.0(22) 14 325 26404 30403 278 38+02 404  3.6+04 3.6 +0.4
—0.812 -1 —0.8840.03 —0.86+0.03 —0.86 & 0.04
Al = AOuty, 3.14 3.7+£0.2 390  3.6+04 3.5+0.5
—0.86 +0.04
A} s netve  0.22(0.34) 026 0.268 0.20  0.41 0.49 + 0.05
—0.89 4 0.04

>AL - Imetv,
* B(A(1405) - Xm) = 100% and B(A(1520) » 2n) = (42 + 1)%
 Search for A* in X7 invariant mass spectrum
 Nature of A(1405)? uds bound state, dynamically generate molecular state,

multi-quark state ,f<i ;‘<
U = > - uy*t d _ > _ dx-

A: C u A'c" : d
e d Coming soon...

(b) A} - X rtetv.

U

\4
U

S
\
=

(@) A} > ' ety
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* Summary
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Summary NPT T

PEKING UNIVERSIT

* Semi-leptonic A, decays provide good opportunities to study the
dynamics of charm baryons, test standard model and probe new
physics.

« AT - Aety,

e Improved measurement of BF
Form factors, comparing with LQCD

« AT > pK~etv,
 First observed with 8.20 significance
Evidence of A(1520) in pK ™ invariant mass spectrum

* At > Antnetv, and A - pKdn~etv,
* Search for AY - A*e*v, and ULs are given

* Other ongoing analysis desperately run to you.

Thanks for you attention!
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Systematic uncertainty

* Form factors A7 — A

TABLE II. Systematic uncertainties (in %) of the fitted parameters.

Parameter | Tracking&PID& A | Normalization | aa | Total
alt 0.6 0.5 0.1| 0.8
aj*t 6.0 7.2 2.8 9.8
Tfy 0.1 0.5 0.7( 0.9
Tg, 0.3 0.1 0.6 0.7
Tg. 0.3 1.5 0.1 1.5

Xu-Dong Yu
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MC statistics 0.3 0.2
Number of ST A, 04 0.4

BFs of the intermediate states 0.8 0.1
p tracking — 0.3

p PID e 0.2

7 tracking 2.5 0.3

7 PID 0.7 0.3

e tracking 0.5 0.1

e PID 2.8 3.5

A reconstruction 2.2 o

Kg reconstruction — 3.1
cosf(e, ) 1.4 1.4

cos f(miss, 7y) 0.1 0.1

FSR recovery 0.2 0.2
M(Antr~e(m)t) /| M(pKin~e(m)™) — —
Signal model 2.2 5.6

Total 5.2 7.5

g e

C For = e, e, N (VT 5 T 5,

Semi-leptonic A} decays at BESIII

inter ST sig
B “N=" ey 0)|a=5.2%

)|a=7.5%

inter | \jST | SI8 |
B N Emc * O



