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Outline

-> |ntroduction

-> BESIII experiment

-> Published physics results

2 AN = Aey, Apy, Phys. Rev. Lett. 129, 231803 (2022). Phys. Rev. D 108, L031105 (2023).
o AT > XeTuv, Phys. Rev. D 107, 052005 (2023).
o« AT - pK e, Phys. Rev. D 106, 112010 (2022).

2 A - Antrnetv,,pK{r~eTv, Phys. Lett. B 843, 137993 (2023).

-> Other ongoing analysis

- Summary & outlook

Semi-leptonic A} decays at BESIII 11 May, 2024 2



BESIlISZsmF)IEI = BESII £ AF SBREITHHAR

Introduction
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Why semi-leptonic decay?

-> Semi-leptonic (SL) decay: good platform to study weak/strong interaction and probe new physics beyond
the Standard Model.

-> Take c(A) — s(A) as an example

1 —
., Differential decay width: d1" = 5 2n)'dD, | A k
¢ mAE[‘

% Helicity amplitude: /#/ = ",

Leptonic current: L,

Leptonic part can be precisely calculatea1 Integrate out W

—

14
Hadronic part is hard to calculate from the first principle, — e\‘\ .
since non-perturbative QCD effect is involved. c s s

quark interaction strength V' — A theory

O

Hadronic current: H# " PR .
\ /’ N\
Weak decay effective Hamiltonian: H ¢ = %VC’; Sy* (1 —ys)cl[vy, (1 —ys)i]
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AT SL decays in theory

-> With the help of effective field theory, hadronic amplitude can be parameterized by Form Factors (FFs)

which are hybrids of on-shell states and off-shell operators.
(A(p2, 52) | Hegel Ac (01, 51)) = (A(p2, 52)|(V — A)|[Ac(P1, S1)) Form factor is a function of transfer momentum q = pq — P>

Hy,(A), = (A(Pz S2) M‘A (P1, 51)> = u(py, s2) [Yuf1(q2) + io ”"m1 “£,(q?) + f3(q2)] u(p;, s1)

Hy (D) = (A2, 52)|Au|Ac (1, 51)) = T2, 52) [yugl(qz) + i0,y 29, (%) +—93(q2)] u(py, 51)

-> Total helicity amplitude: H,z, = H.(An)e#(Ay) = [Hy(Ap) — Hy(Ap)] p€* (Aw) = Hy (Aadw) — Hy(Apdy)
% 6 helicity amplitudes:  #v(5.0).# (5.1). Hy (5.£). Ha (5,0). Ha (5. 1). Ha (5 1)
% In the limit of negligible lepton mass, only four of them remained

-> Physical observables:
X Branching Fraction (BF), Lepton Flavor Universality (LFU)

o q - and angular dependent differential decay width, FF, Forward-backward asymmetry (A.p), decay
asymmetry, polarization...

% New physics observables

- Various theoretical prediction: LQCD, HQET, Quark models, Bag model, Sum rules, SU(3), ...
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AT SL decays in experiment
AT — Aev,

N : (b)
-> Before 2019, few Azf SL decay channels were measured 31-14/ //// e
<& Before 2005, A;" — Ae"‘ye studied by ARGUS & CLEO g.m ................................................................... gzo-
+ + g [ 2 1t
- AT = Ae yel observed by ARGUSI, decay asymmetry & FFs measured by CLEOQOI2.3.4] S Y ///// / £ " .
< Using 587 b~ " data, BESIII reported several absolute BF measurement results R I s A R
. BN} = Aetr,) = (3.63 £0.38, +0.20,,,) %"
. BNF > Auty) = (349 £0.46, *0.27,,) %' s !
. BN > XeTv,)=(395+£034,, + 0.09y5:) %] g 40}
. BN - At ) BN - Aety,) = (96 £ 164, £4,) % : o
. BNF = Aty )I BN — Xety,) = (919125, +54)%"! "o
OOI | 10.21 | IO.I4I | IO.IGI | 10.8 1

Momentum (GeV/c)

- After 2019, BESIII took new AZ.“/_\C_ data. What we do?
% Precise measurement of golden channel AT — Ae™v,, Au'y,

~ Improve precision (BF, LFU), dynamics study (FF)

% Search for other A" SL decays
»  Any rooms? 80% or 100%? Much less than D case = improve precision of BF of inclusive decay
. Excited state: AT — A*? Cabibbo-suppressed: AT — n?

Phys. Lett. B 269, 234 (1991)

Phys. Lett. B 323, 219 (1994)

Phys. Rev. Lett. 75, 624 (1995)
Phys. Rev. Lett. 94, 191801 (2005)
Phys. Rev. Lett. 115, 221805 (2015)
Phys. Lett. B 767,42 (2017)

Phys. Rev. D 121, 251801 (2018)
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BESIIl experiment
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j ing EIectron Positron Colllder II(BEPCII)
_ ' *A‘,. \,-‘N '1':.\,,_..4 T DD ; //,,

2020 energy upgrade to 2 45 GeV
- 2004: started BEPCII upgrade,

% BESIII construction
N 2008: test run
) ». 2009-now: BESIII physics run
~ 4 - 1989-2004 (BEPC):
8 Lpeax = 1.0x10°  cm™2 - 571
 2009-now (BEPCII):
C L Lpeax = 1.1x1033 cm™2 - 571

. : ‘ . " ’ « " :
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BESII| detector

Superconducting solenoid Time Of Flight (TOF)
H 09~10T

B 9 layers (barrel) + 8 layer (end-cap) | ® ¢ = 90 ps (barrel)

B o, = 65 ps (end cap)
\ I
RP /8
RPC: 9 . :
ayers fers
SC l o l
Solenoid & | |1}
. — CO;
Barrel i %
ToF ‘ %,D %
Endcap o L
ToF 2 \8
SC S
Quadrupole S
Y
of  — e —— == — 1 — :
P S —
Main Drift Chamber (MDC)
o, =130 pm
B AE/E =25% @ 1.0 GeV

B AP/P =0.5% @ 1.0 GeV
B oy, =06cm@1.0GeV B o0, =6—7%
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Pair production at threshold

7 | ry \ ‘ | — 1 T T | : :
J/ © BES 110609 ¥ (25) : : . .
° P Mead Clc -> Threshold effect: pair production of charmed baryons
Rl o vivio I without accompanying hadrons
T e e w ete” = ¥ = AYA]
2 Ea— . : ]
}, o —— - Center-of-mass energy: £ . = 4.6 ~ 4.7 GeV
PDG2022 .
% 2My < E.. < (M, +M,)
- Clean backgrounds and well constrained kinematics
Sample vVs (MeV) _ W AE=F. —F
4600  4599.53+0.07+0.74  586.9+0.1 +3.9 — A, Tbeam
4612 4611.86 £ 0.12+0.30 103.65 +£0.05 +0.55 ) 4 o)
o2 M — —
4626  4628.00 +0.06+0.32 52153 +0.11 +2.76 » MBC \/Ebeam/ Y

4640 464091 £0.06 £0.38  551.65+£0.12 +£2.92

4660 466124 +0.06+ 029 529.43 +0.12 + 2.81 et 4 5 -]
4680 468192 +0.08+029 1667.39 +0.21 + 8.84 - Integrated luminosity: 4.5 (~7.5x 4600 data)

4700 4698.82 +0.10+0.36 535.54 +£0.12 +2.84 2 1.9 fb_1 data @ 4740 ~ 4950 GeV (not used in published
SL analysis)
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Double tag method & Partial reconstruction

-> Double Tag (DT) Method

< Reconstruct /_\C_ by dominant and clean decay modes, e.g., A, — pKO, pK ™, ... o7 \ 68T

: : s : Nst = NGy
« Search for A signal decay in the recoiling side . Z,,: o
% BF formula: i - . iy]

' J J A .. ‘
L) J i o Nt | ind Ngr - €58’
-> Partial reconstruction technique 5-
< Neutrino can not be detected at BESIII s KT
% Determinant variable U, ;.. = E. ;s — €| Piniss | -
: : + —

< Signal events peak at 0 in U ;.. 2

¢ An example of
INT > AnTrne
Vs. §
——K+ -

—> P T

Xudong Yu 5RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 11
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Published physics results
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AT — Ae™v,

- ST data set reconstructed by 14 hadronic A" decay mode

400F
300F
200F
100f

400F

200

200

Events/0.001 GeV/c?

50

150F
100f

50

600F
400F

150F
100F

1000F

Ngp = 122268 + 474 > Fitto U, distribution
PKs 3000} 300} P’
2000} 200}

=

M, (GeV/c?)
.

[—
p—n

//// i ‘A

-0.2 -O0. 1 0.1 0.2
(GeV)

mISS

M 5 (GeV/c?)

Fits to My distributions for different ST modes at4/s = 4.682 GeV

Xudong Yu sRBZ

Semi-leptonic A} decays at BESIII

BESII £ A} &

Events/0.01 GeV

FRZRIAR

-> Select signal A and e™ in the recoiling side of /_\C_

NPT = 1253 + 39

ety,

300

\®

S

-
!

-0.2

B(ANT - Ae™v,) = (3.56+£0.11

— data
— total fit

s b AR,

# Ag—> An'rO
- = other bkgs

-0.1 O-" 0.1 0.2
(GeV)

IIllSS

+0.07

stat.

syst.) %

Precision improved
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Decay dynamics of AT — Ae™v,

Definit Fih | d th ‘muthal | Diff fial d 4th Helicity amplitudes:
efinition of the polar and the azimuthal angles ifferential decay wi H; ., =H},,, —H) and 'Y (= )Hmw

aw In—dw

&T GiV.,> Pg (3 3
= —- ~—(1=co0s8,)*|Hy,|*>(1+apcos8,)+—(1+cos8,)*|H_1_,|*(1 —aycosf
dgq*dcosf,dcos0,dy  2(2z)* 24M} {8( VIH*(1+ aycos6,) 8( JIH 41 [F(1 = apcos6,)
3 . 3 : :
—|—L—tsm208[|Hé{)|2(1 +apcosb,) + |H_%0|2(1 —apcos6,)] +ﬁa,\cosxsm6?e sin@,,
x [(1—cos8,)H_yHy + (14 cosb,)HiH_;_] } Neglect lepton mass term

| _ i:f(q:)(A T @ M+ MR — D) q2]
Parameterized by * Wemberg form factor’ |, , ¥ M+ My
7 ) S Fy(q°) = (MA:+M)2 [fl(q) Fe@),
- (MA+ + MA) R : 10 @XM = Ma - 0. 4, | ——— e
;f HV — 2 FV FV (MA — My)? - | | 2
. My, ‘/ O-IFI (@) + — CIN I IR ¥t | H V20_f. (4P,
4D fit to extract FFs ! Mer — M) @ = Mm@ @) o) | | 2
) | ar — My — |

+ ¢"v, mass squared: ¢ H"Zfl = V20.[F{g - o F(g), | Hi‘l = 20.9.(),
+ A — pr” helicity angle: 0, ‘ P 1 2
« W™ — e™u, helicity angle: 6, | H‘%’O = /ng [(Mp: + Mp)FY (q%) + MA+ FV(qz)], -

» Acoplanarity angle between A and W™: y

The relation between
“Weinberg form factor”

& | Following LQCD
“Helicity form factor’

Xudong Yu 5RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 14
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BESII | AY SEBERHS
] [ | [ |
Four-dimensional fit

- z-expansion: FF is q2 dependent, refer to LQCD parameterization

f(g°)

& Free parameters: ag and a{ 1—-g°/ (mgole
Five independent free parameters in the fit: a5+ afi Ve = I+ 81 re =atladt,r. = ab+lab:
> P P efita*,ap,ry = agflazr, =aglazrr, =a;"la,
& Choose agi as the reference
& Seta® = aft and @/t = + )
1 1 1 1 > M 200+t
o 150 N
O o
= 100} E ISOMH_L,—L‘_LL
S ¢ o 100F
. . . . . ~ ¢ >
- — . E S0F - ¢
- Four-dimensional fit to events within —0.06 < U, < 0.06 R L
: - : . 8L — = 0.5 1 05 0 05
% Normalization using BF: a;+ = 0.54 & 0.04,, + 0.01 > GV 0%,
Parameters oyt o) Iy, an o N 150 W\_LL g 150
Values 1.43 +2.09 +0.16 —8.15 +1.58 £ 0.05 1.75 +£0.32 + 0.01 3.62 +0.65 +£0.02 1.13 £0.13 £ 0.01 % ¢ S W
Coefficients alt alh rs. rs, ry. g 100+ ; 2’ 100+
af ~0.64 0.60 ~0.66 ~0.83 ~0.40 2 503_|"‘,7 § 50
ad ~0.63 0.62 0.53 -0.33 sa
ol ~0.79 —0.67 -007 = 7D S —
. 057 0.00 05 0 05 -2 0 2
. 0.39 cosO, y (radians)
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Indirect Test of SM

1 —
3|=='DATA: A;—> Ae'v,
& rLQCD: Ac A, & 08 e ® o e —— 02 2323 i:i:
S 2 S 2 Errmaraarraassasss rssssrssssassss 2
S| = oo Branching Fraction = g
- o O.1F
= i BN — Ae*v,) = (3.56 £0.11 £ 0.07) % from BESII
qz. (GeV?/c?) qz. (GeV?/c*) % 02 04 06 08 1 12
1F ¢ (GeV¥cH)
o & 08f / 7
) S 7
= v [
0.4

0 0.5 1 “0 0.5 1
g* (GeV?¥/c%) g* (GeV¥c%)

Lifetime
7y, = (202.4 £ 3.1) x 107 ps from PDG

WEIGHTED AVERAGE
201.5+2.7 (Error scaled by 1.6)

Form Factor
Calculated from LQCD and models

.,1'/ :
1
|

!

"
k‘ !

=

L
W
N

N\

[
~ '\\:‘;
L
\ |
\J

2
X

||||||||||||||||1/ 50 I AAL 19AG LHCB 0.1
gl = | | LINK 02C FOCS 0.5

NSt 74
.
A LN

{
i ea

/N )
N

-------- KUSHNIR... 01 SELX 0.2
—t MAHMOOD 01 CLE2 7.2
FRABETTI 93D E687

N
b
.‘QA

‘ -

7.9
(Confidence Level = 0.047)

L | L J
160 180 200 220 240 260

/\2L mean life

CKM unitarity
|V..| =0.97320 = 0.00011 from CKM unitarity fit

[ Vo] = 0.936 £ 0.017 % 0.024 ocp £ 0.007,

Consistent with | V. | measured in D — Klv,
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Comparison with theoretical predictions

Steeper slope

3 f+'DATA: A —> Ae'v, /s
/ ’c“
e -« LQCD: A —> Ae v P -
R 7| 70/ z!;
p— ,/"'/ “s‘ L i _|
Q.:{ . (c;‘ ’:.:::I ‘‘‘‘‘‘‘ =11

f, (¢»

g (GeVZ/c“)

Gentler slope

'
.
ot

.
»
.t
...........
'''''
a®

q (GeVZ/c“)

----- DATA: A —> Ae'v,
. o2, L. LQCD: A;—> Ae'v,
o
> ,;ﬁ
> _ S s =
R L e > . s,
—"(IJ inl2o” ""_/../-:-.\‘.‘_,.:--'v‘v‘!:’ - ‘ ‘m :.'
= 7 o
. O0.1F :
S,
3 3
0.05 |-
First direct comparison to LQCD
O | | | | | |

0 0.2 0.4 0.6 0.8 1 1.2

g2 (GeV?/c#)

No clear difference is observed within uncertainties

for the resulting differential decay rate of LQCD

Xudong Yu sRIBZ

TABLE III. Comparison of B(A} — Ae*v,) from theoretical
calculations and our measurement. Differ by > 20

| Constituent"quérk model (HONR) [9]
“ Light-front approach [10] 1.63
| Covariant quark model [11] 2.78
Relativistic quark model [12]

Non-relativistic quark model [13]

Light-cone sum rule [14] |  3.0+03
Lattice QCD [15] 3.80 £ 0.22
U(3) [16] 3.6t04
Light-front constituent quark model [17] 3.36 £ 0.87
MIT bag model [17] 3.48
Light-front quark model [18] 4.04 +0.75
(This Letter 356X+ 0.11+£0.07

Semi-leptonic A} decays at BESIII 11 May, 2024 17
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LFU testin AT — Au™v
K

114 // // A +-aoa
> Improved measurement of B(AT — A,u+uﬂ) = (3.48£0.14,,  £0.10.,) % | // // o F A AR

syst.

- = nonres bkgs

"

» 3 times more precise than prior results
2 BN = Ae™ V)| BN — Ap'v,) = 0.98 £ 0.05,, +0.03,, consistent with

LQCD (0.97) | | 1'1. //// ///

L)

. . . . 0.2
> Differential decay rates in separate four-momentum transfer regions (GGV)
dl" Nbins '
_ 2 -1 J ST & e Ve Ai—>Ae'v,
Arl — / d 3 dq — E (€ )l]NDT/(TAc X N ) E 0.15 ’ - . 021
oo i 49 J=1 & 0.1F \ " Q;CEE -O(Z)M’ - +’;|
. L . . . . . 5 S 0.05 04l q“:?—'"—'?#g
& € efficiency matrix for reconstruction efficiency and migration effects across g~ bins 5
J B % 0204 (2):6 08 1 12 0 ofs; 1
> Model-independent forward-backward asymmetries for lepton system and px 7 (GeV) 7 (GeV)
system L ois T
15 T Jcosf o T dcosf 2 o
Ag,p (qz) - 0 dqzdcosﬁ,;,p Z,p -1 dqzdcosﬁf,p Z,p 3 0.05
FB S (l__dT__ g4 0 d*T S . T |
cos@ dcos@ 0% 02 04 06 0. . .
& fO dg*dcosf, Z,p T f—l dg*dcosf,, Z,p 0 02 04q9(6GeO\,82) b1z 0 0q52 (GeV?) :
< Average lepton FB asymmetry: (Afg) = —0.24 £ 0.03, £ 0.01 T n -
7 L L 05 IR S, i A 2 E 2r N
(Apg) = —0.22 £ 0.04;,; £ 0.01 4y $5 OH‘_ _}'_+ + 2 als»_;__,-_—-- D e
-> No evidence for a violation of LFU 0.6 | | | | _l_,
0 0.5 1 0 0.5 1

g% (GeV?) g% (GeV?)
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: . A+ +
Decay asymmetry and New physics search in AT — Al™y,

> Decay asymmetry ap VS Forward-backward asymmetry AlifB aAC(qz) = — [A{iB(qz)]

N/

% Model-dependent determination: 2

2
Hi/211"—1H-1/2 11" +[H1/2 0l"—[H=-1/2 0

a —
Ac Hi/2 1%+ |H_1/2 —1|?+|H1/2 0l*+|H_1/2 0l*
< First model-independent determination of o, (g%)
o) ¢ ~4- A;>A €'y, — Averaged
< (¢~ averaged asymmetry | A, | eco
LQCD
(AL5) = —0.33 £ 0.034at. & 0.01gys¢. Onlyfor AT — Aey, F + a5 T _%__s._
| | _ ST | e + _
(AD5) = —0.37 004100 £0.015y5. Onlyfor A — Aus, i AT
(ap,) = —0.94 £+ 0.07, £ 0.034y5  combine e and  channels 0 0;152 v i 0 o;]s2 . i
. dy 0 )dcos@
- New physics search: T asymmetry parameter & » Tp _ f fo I( f ff P] x.cos b,
aAF
\/

% Consistent with zero as predicted from the SM
% No indication of new physics in A™ — Al™v,decays T »(AL = AeTr,) = —0.021 £ 0.041,, £ 0.001
Tp(Ag' —> A,u+1/”) = 0.068 + 0.055$tat T 0.0ozsyst

Xudong Yu RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 19



Improvement of AT — A FF parameters

d'T G%|V |2 qu(l
= 0.8 dg*d cos @,d cos 0,dy 2(27;)4 24 ( cos 0y )| %1| (1 + ay cos p)
on ' 0.7 3
0.6 + 2 (1 + cos 9})2|H_%_1 (1 — a, cos Hp)
3
+ZSin29’f”H%OI2(1 +apcosf,) + |H—;4)|2(1 —apcosd,)] + 2\/_aA cosy sin @, sin @,

X [(1 = cos6,)H_iyHyy + (14 cos0,)HigH_1_,]

09
S S 08 >
o o 0.7 H\" = \/20=f1/9.(4
0.6
. . . , HV/A = \/Q+/@f+/9:(8%)(My, £ M,),
0 0.5 1 0 0.5 1 VA _
g% (GeV?) g% (GeV?) H, 0-/9°fo/90(q*)(My, F M),

- Improve measurement of the FF parameters in the AT — A transition

-> Differential decay width formula needs to consider lepton mass term

-> Test and calibrate LQCD

Xudong Yu RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 20




Comparison with theoretical calculations

TABLE I. Comparisons of B(A7 — Au*v,) (in %), (@ ), (Afp), and (Apg) from theories and measurement.

B(AS = Apty,) (an,) (Afs) (Afg)
CoMpo @] 087 02 021
RQM [21 3.14 —0.86 —0.209 —0.242
CQOM(HONR) [49 4.25
NRQM [50] 3.72
HBM [24] 3.67 &+ 0.23 —0.826 ~0.176(5) —0.143(6)
LQCD [28] 3.69 & 0.22 —0.874(10) —0.201(6) ~0.169(7)
LCSR [51] 3.0 £ 0.3
SU(3) [25] 3.6 + 0.4 —0.86(4)
LFCQM [27] 3.21 4 0.85 ~0.97(3)
MBM [27] 3.38 —0.83
LFQM [22] 3.90 4+ 0.73 —0.87(9)
LECQM [26] 3.40 & 1.02 ~0.97(3)
SU(3) [52] 3.45 £ 0.30
This work 3.48 +0.17 —0.94(8) —0.24(3) —0.22(4)

> BN - A,u+1/ﬂ): Disfavor Refs. [20,49] based on CQM at a confidence level of more than 95%

-> Decay asymmetry: consistent with all theoretical prediction and model-dependent measurement by CLEO
-> Lepton forward-backward asymmetry: clearly differ from Ref. [22] based on LFQM

Xudong Yu RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 21




AT — XeTv,

Events/0.001 GeV/c2

B(Alf - Xe'v,) = (4.06 £ 0.10,,

BESIIIsZ 58 FIETHY =

WS technique is used to subtract charge symmetric

BESIII £ A ERETHIMAR

DAL = Xetv,) g

I'(D - Xetv,)

Compared with HQE(1.2), EQM(1.67)

backgrounds in each momentum bin, e.g., 7° — yeTe~
Momentum range: 500-550 MeV/c ~o— RS PID-corr yield
Data collected at 4682 MeV NS [Pese Pane Proe Ppo. NS e e
N | | Py Prop Pxoy Py | | NI 5 T |
or = A =2l
§ N(I)(bs Pe—>K Pﬂ'—>K PK—>K Pp—»K Ntll(ue % _(")—_(g_
20 RS 3 WS 5 200 |
2 | | | _N}))bs_ Py Prypy Py Pyyl _Ngue_ I -
R o Il I ]mm | PID migration matrix T T
----- s ' .- T IlH 02 03 04 05 06 07 08 09 1
N e T 226 228 23 232 234 Contamination of other particle types (p, 1, K™) p (GeVic)
Be M g (GeV/c?)
[ ) - ) 8 )
Reconstruct RS and WR sample | ™ . | N .
. . - PID unfolding — > | WS subtraction
In different momentum bin =
— _ — J — _
0.09Syst)%.
2005 N CER - A g 2
BF determination ' | PHSP Extrapolation 1| Tracking efficiency unfolding
- Y . Y - Y
600 [ . ¢ . rod / .
Decay B [%] Model S Ng'(i) = ZATRK(‘?V,J)NE (/)
A = Ae'y, 3.56 £0.11 £0.07  References [6] S 400l j
A —>pK‘(nI_(0)e+1/e 0.088£0.017+0.007 PHSP [7] § _
AS — A(1405)e*v, 0.24 HQET [27,28] 5 | * Geometrical acceptance
A} = A(1520)e s, 0.06 HQET [27,28] @  Track reconstruction efficiency
AL = netv, 0.20 Quark model 291 € + Resolution smearing
0 0.1 02 03 04 05 06 0.7 0.8 09 1
Based on our knowledge of MC model p (GeVie)
Semi-leptonic A} decays at BESIII 11 May, 2024 g
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AT - pK e,

BESIII £ Al 8ERRTHMR

| | | NOL,., =335+63
-> ST data set is same with last analysis e
20} 4data
_ > —total fit O 1
- Select signal pK~e™ in the recoiling side of A~ S 15t o | >
-> Background veto = i 2 00f e ovnl
E - other bkgs é
& Suppress AT — pK rn™ M g+ < 2.15GeV/c? 5 : > L
m - ... L J )
% Suppress AZT — pK_JZ'+JZ'O: Additional 7 search and x Iﬁ‘ H | ‘ ‘
veto Mp signal region 02 01 00 01 02 14 15 16 17 13
U_.. (GeV) M - (GeV/c?)
-> AC — pK™e v, Is firstly observed with significance of 8.20' _ Signal: Gaussian core + power law tail (ISR & FSR)

2 BAF - pK-etv,) =(0.82+£0.15+£0.06) x 1072

- The only observed SL channel beyond AT — Al™y,

L X4

BN - pK~e™v,)

+ 0.1

BN — Xetv,) S

=(2.1+04 ) x 1073

Syst.

Xudong Yu RBZR Semi-leptonic A} decays at BESIII

UBKG: AT — pK~ nt7" and Al — pK_,uJ’I/M
Yield of AT — pK~u'v, is fixed
Nglé K glf_ewe X R, X Ry
+ -+
R, = SO PRy 0.88 +0.03
Ar - pK-e'ty,
Relative detection efficiency R, = 0.15

11 May, 2024
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Search for A(1405) and A(1520) in pK~ spectrum

- 2D fit is performed to the M k- and U,

miss distributions

- Evidence of AT — A(1520)e™v, (3.30) & AT — A(1405)e™v, (3.20)

o BN > A(1520)et,) = (1.02 £0.52

o BT = A(1405) —» pKT]e

C

L2011, ) x 107
v,) = (0.42 £ 0.19, *£0.04,,,)x 107

sta

-> Comparisons of B(AT — A(1520)/A(1405)e™v,) with predicted values

BESIII £ Al 8ERRTHMR

DT —
N 20y, = 8.4 £4.3

DT —
N sy, = 14.8 £6.7

from theoretical models and LQCD oL
< Consistent within two standard deviations ~
)
-> Prospects >
P
< Amplitude analysis of pK~ mass spectrum to study A* &
% Extraction of AT — A(1520) FF = 5k
%
TABLE I. Comparison of B(A — A(1520)/A(1405)e*v,) [in x1073] between theoretical calculations and this measurement. The =
BF of A(1405) — pK~ is unknown [2]. °'>)
B(Af - A(1520)e*v,) B(Af - A(1405)etv,) -
Constituent quark model [8] 1.01 3.04
Molecular state [9] o 0.02
Nonrelativistic quark model [10] 0.60 2.43 14
Lattice QCD [12,13] 0.512 + 0.082 Lo
Measurement 1.02 +0.52 +0.11 B%%ﬁ%slffg'[g‘f)

Xudong Yu sRBZ

Semi-leptonic A} decays at BESIII

B Ag— A(1520)e™v,
Ai— A(1405)e’v,

—— data

— total fit

sen Ao PKL etV
Ag— pKn*n®

LY other bkgs

=== Ai— pKuty,

1.7
M - (GeV/c?)

11 May, 2024
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B + —,+ 0, —,+
AN = An"n e’ v, pKen—e™u,

> Search for AT — A*e*v,: Axtn™ and pK n™ are used to tag A*
e BA520) > Ax"z)=(10x 1) %
% Higher excited A* states may decay to pK*(892)~, K*(892)™ — K{n~

-> ST data set reconstructed by 12 hadronic /_\; decay mode

> Reconstruct A[ = pr~|nz"z"e™ and ng[ — ntx~|n"e™ in the recoiling side of A
-> Challenge from mis|D between ¢ and 7«

1o
A

-4

b

--------------------------———--q

v The phase space of 5-body decay is very small
.¥" Low momentum of e /7 causes serious
misidentification

o

=10

IdE/dx [mip]

separation power n
E

S a4 N W s OO OO N O

WA MRS . 7 AR Char b RN :
0.1 ! 10 )
10 1 10

momentum (GeV/c)

Xudong Yu RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 25
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Background Study

- Tight PID requirement to generally improve PID ability U...._ distribution after all cuts
% Valid e EMC hit information o, . )
. . ! __ —4- data
< Tight Prob(e)/[Prob(e)+Prob(r)+Prob(K)] requirement N > [ [ssmamc
z i non-A, bkg
S [ Earme
- y-conversion background s | 1
= 2
w AF = Axta?, 20t (pKin®, pKdn), n°1n — yy N
< Under the action of the nucleus, y converts into electron-positron pair e
% Require a large angle between e and 7 Unniss(G€V)
Af > Arne™y,
> Antrxt(pKJn~ ) background - af e
- signal MC
20 Veto My o (M, k07-o()+), Where e(7)™ means that M, is replaced by M_, 2 non-A; b
S 2r  |ACbkg
. 0 % 1+ 4 a 4
- Miss-°(y) background >
» AY = Antw/n,wln — ntn 1’ or 20t at, TV — YA,

0

AF — pKdn,n — ntx n’orn —> yete”

< Require a large angle between P_;..

Xudong Yu 5RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 26
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| can still say something ...
. . . _ obs | pyeff
- Profile likelihood method ~="N""IN"- B+ Nokg1 + Noig2) O

. . . . g(Nefleinter . NST. gsig, Binter . NST. Ssig .0)
-> Joint likelihood

Use Bayesian statistics
SB
‘ P(kag1 |Nbkg1/T)

| g(kagz | kagz ’ kagZ) . : f‘ l: \,c; 4;,: = ; ).

-> Based on the Bayesian statistics, the likelihood distribution as a function of BF is obtaine
> The ULs at the 90% confidence level (CL) are determined

< Assuming that all the Az 7~ combinations come from A(1520)/A(1600),
B(AF — A(1520)e*r,) < 4.3 x 10 @90 % CL
B(AT — A(1600)e™v,) < 9.0x 10> @90 % CL

Upper limits

N
r '

1 1 _
i i The4BFs for AT — A*eTv, predicted by different theoretical models, in units of
1074,
§ ! ] § i ] A* state CQM [8] NRQM [9] LFQM [10] LQCD [11]
§ 0.5 B < 3.9x10° @ 90%C.L. - § 0.5 B < 3.3x10* @ 90%C.L. - A(1520) 10.00 5.94 - 5.12 4 0.82

- . - - A (1600) 4.00 1.26 (0.7 +0.2) —
i - A(1890) — 3.16 x 1072 — _
- - A(1820) — 1.32 x 1072 — —

0 ——= 0LV

0 0.001 0.002 0.003 0 0.0005 "0.001 =0.00150.002 Limited sensitivity to identify different theoretical calculations

B(A; > Ar wetv)) B(A; —pK Sﬂ'e* V,)

Xudong Yu RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 27



BESIlISZsmF)IEI = BESII £ AF SBREITHHAR

Other ongoing analysis

Xudong Yu RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 28
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Roadmap of A SL

> BN - Xe*v,) = (4.06 £0.10y,, +0.09,,,) %

> BN - Aetv,) = (3.56 £ 0.1, £0.07,,,) %

> BN = pK~etv,) = (0.82 £0.15 £0.06) x 10~°
o BN = A(1520)ety,) = (1.02+0.52,, +0.11

stat.

)y x 1073

Syst.

BNT - Aev,) + B(AT - pK~e™v,)
2 BN — Xetv,) ;
> B(A! — non[A,pK~le*v,) = (4.18 £ 1.75) x 107 = |

(897+43)%=>(854 940)%

> A*etv,: Zmety, nKl,
> NOetv :netv, N(1535)e'v,

Semi-leptonic A} decays at BESIII 11 May, 2024 29
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Stay tuned

Chin.J.Phys. 78, 324 (2022)

> AT > ne'u,

Process NRQM RQM RQM QSR QSR CQM LQCD LFQM SU(3) Expt
< Singly Cabibbo-suppressed transition ¢ — d 232]  [236] [237] [243] 244]  [238] [248, 249) [227 251] 31
AF - Atv. 3.0 (2.2) 1.4 325 26+04 30+03 278 38+0.2 4.04 3.6+ 0.4 3.6+0.4
< Various theoretical-model calculations —0.812 -1 —08840.08 —0-8640.03 —0.86 £ 0.04
AY = AOuty, 3.14 3.7+0.2  3.90 3.6 + 0.4 3.5+ 0.5
% Challenge in experimental study o — —0.86 = 0.04
o _ ‘ 0.22 (0.34) 0.26 0.268 0.20 0.41 0.49 + 0.05
- Two missing particles: n and v, ~0.89 £ 0.04
+ +
~ Huge background from A7 — Ae™v, o o

> Al — Zrety,
& B(A(1405) — X7) ~ 100 % and B(A(1520) — X7) ~ (42 £ 1) % f,

> >
% Search for A* in Xz invariant mass spectrum Al C u  AY C d
> >

< Nature of A(1405)?

- uds bound state, dynamically generated molecular state, multi-quark state
> AT - pr~(non — A)e™v,
% Singly Cabibbo-suppressed transition to nucleon excited states c(A) — d(N*)
2 B(AF = N*¥(1535)e™1,): 4.03 x 107°(8.06 x 10711 6.4 x 1073(7.7 x 10~%)!2! c—>
u

/<><
AT = nK%*y + >
"o sospn sy : o
>

(@ A = X" e'v, (b) A > X n%e’v,

< Isospin-symmetric channel to pK™

% Similar challenge with ne+1/e: two missing particles [1] Phys.Rev.C 72, 035201 (2005)
[2] J.Phys.G 43, 115003 (2016)
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Summary

Xudong Yu RfBZR Semi-leptonic A} decays at BESIII 11 May, 2024 31
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Summary & outlook

- Semi-leptonic Azf decays provide good opportunities to study the dynamics of charm baryons,
test Standard Model and probe new physics

- Improved measurement of AT — AlTy,and AT — Xe™v,
> First search for AT — A*e™v,inpK~, An"n™, ngﬂ'_ channels

- ) l
-> More physics results coming soon Caaosl s \
-> Larger data samples will be collected at BESIII after BEPCII-U ~..... . |
£ OA I . .
Ecm (GeV)

Thawnks for Your attention!

Xudong Yu RBZR Semi-leptonic A} decays at BESIII 11 May, 2024
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Z-expansion

- z-expansion: FF is q2 dependent, refer to LQCD parameterization

o ml o pole mass, m +/1 =2 112 GeV/c? and m5-8: = 2.460 GeV/c?
*  pole pole pole

KA ag and a{ . free parameters

o 2(g°) = [(\/t+ —g° — N to)/(\/t+ —g° + v/ — 1p)] with
lp = qr%lax = (mAC — mA)Z’ t, = (mp — mK)2
% mp = 1.870GeV/c?* and my = 0.494 GeV/c?

Semi-leptonic A} decays at BESIII 11 May, 2024 34
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A+
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FIG. 4. PID efficiencies as a function of momentum used to populate the Ap;p matrices.

Xudong Yu sRBZ

BESIII £ A ERETHIMAR

TABLE 1.
uncertainties are statistical.

Positron yield in data after each procedure. The listed

Correction (see text) RS yields WS yields
Observed yields 3706 £ 71 394 + 31
PID unfolding yields 3865 £ 80 376 £ 33
WS subtraction 3489 + 87
Tracking unfolding yields 4333 + 107
Extrapolation 4692 + 117
-b- RS e yields 10000 o0~ -~ RS 7 yields
- WS e yields O - WS 7 yields
% 400 = ’(:>‘+M % ~O=
3 O S -On
8 3 a’s 8 —Ome
S *.8 a’s S 5000 =~ o
& = &
S 200 5 ~o- "O*_O_
> > -~
m " % m ....._._* '-O-'..Q..
++ = —— =0
L 1 —.-:—.-.-.-' .-O-:'O" 0 1 1 1 1 —O-LO-.
02 03 04 05 06 07 08 09 1 02 03 04 05 06 07 08 09 1
p (GeV/ce) p (GeV/ce)
- RS K yield O -4~ RS t ield
looof T - -~ WS Kyyfeldss 4000} Tt T e wsp;:of:nyyfeldss
Q a‘a Q O
> > O
3 B 8 3000} O
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S so0f S _ ~O-
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FIG. 3. Measured RS (blue) and WS (red) yields for each particle category as a function of momentum.
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AT > An"ne v, pKOﬂ' e*v, Signal yields & BKG humber estimation

-> No signals observed on data, plan to setting upper limits (ULs) on BFs ¢

-> The backgrounds separated into two categories:
< Non- A;'f background, denoted as bkg1 = Estimated by data sideband region

X A;I,_ background, denoted as bng = Estimated by MC simulation

- The observed events N°° follows a Poisson distribution(°)
ol NObS ~ :@(N()bs ‘Nsig + kagl + kagZ)

- inter | A7ST  .sig __ _pgett
> The signal event number N, = B, - KB N>" - €7 =By, - N

ol ]\]eff ~ ?(Neff\ %lnter . NST . Slg, %mter . NST . SSIg . G) = Rely on systematic uncertainty study
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