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Introduction

> A? is the ground state charmed baryon, >40 years, characteristics still not very clear.
» Provides important information to understand strong and weak interactions.

> Most of the charmed baryons will eventually decay to AY. = -2
» Complementary to charmed mesons (W-exchange).

» Calculation is difficult, many phenomenology methods

(GeV)

are developed, most need experimental results input.
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med baryon mass

u -  Charmed i |
J -  Charmed meson u =  Strange d baryon 3 i
(D*[cd)) e 34 ?LPZ&]S) (A [udc])
r Afuds
my << m, 2> m,, my << m_ > — ;
C quark + heavy quark S“ My Mg = .TS Ed diquark + quark 23+ it -
(a) (Q) (9qq) uniform C (qq) (Q) A > =, Q



Al semi-leptonic decays

» Weak and strong interaction could be separated, test various QCD-derived
phenomenology models

» Important role in understanding of the dynamics of charm baryon decays

» Similar with but complemented to charmed meson decays, precise test SM and

search for new physics
v BFs
v' Decay asymmetry and FFs
v Vsl and [Veq|
v LFU test
Vo

» Important input for implementing and calibrating the LQCD calculations



Experiment side

» Only A} - Ae™v was measured before 2014

« Mark Il 1982 and PEP 1989 with limited significance
. Observed by ARGUS 1991 4 BESIIZE R BN
« Decay asymmetry & FFs by CLEO till 2005

> BESIIl measured several BFs using 0.567 fb~! threshold data 2014
« B(AY - Aetv) = (3.63 £ 0.3844;. £ 0.205y5. )%
« B(A} - Aptv) = (349 + 04644, + 0.274,5, )%

« B(AY > Xetv) = (3.95 + 0.3444,, £ 0.095y5. )%
o B(A} - Au™v)/B(AT — Aetv) = 0.96 + 0.16 + 0.04
e B(A} - Aetv)/B(Af - Xetv) = 0.919 + 0.125 + 0.054



Experiment side

» Only A} - Ae*v was measured
« Mark Il 1982 and PEP 1989 with limited significance
« Observed by ARGUS 1991
« Decay asymmetry & FFs by CLEO till 2005

> BESIIl measured several BFs using 0.567 fb~! threshold data 2014

B(AE > Ae*v) = (3.63 4
B(A} - Aptv) = (3.49 4

B(AE > Xetv) = (3.95 4

0.38s¢at.
0.465¢at.

0.34s¢at.

4 BESINZE REUX

+ 0.204y,5¢. )%
+0.275y5t. )%

+ O-Ogsyst.)% éﬁi‘ﬁ%%ﬁi%’-

B(AL - Autv)/B(AL » Aetv) = 0.96 + 0.16 + 0.04
B(A* - Ae*v)/B(At - Xetv) = 0.919 + 0.125 + 0.054




Experiment side

> BESIII took 3.9 fb~! thereshold data 2020-2021
« Precise studies of golden channel At — Al*v(BFs, LFU, FFs...)
« Observation of second SL, B(Af - pK~etv) = (0.88 + 0.17 + 0.07) x 1073
« Updated B(Af » Xe™v) = (4.06 + 0.10 + 0.09)%

SRS BRI

2022-2023% %
* B(Af - ArtmTetv) < 3.9 x 107*@90%CL. JLFE L RBFiE

« B(Af - pKdn~etv) < 3.9 X 107*@90%CL.

> BESIII took 1.93 fb—1 data 2021 and what’s next?

O u* channels

O n/K; channels

O “Rare” channels BB R R —
O More variables

O A* channels

O ... 7



AL results and data

»Published 17 (7 PRLs)+28 (1 NC+4 PRLs)
v SL: 3 (2 PRLs)+6 (1 NC+1 PRL)
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v 6.4fb~ 1 ~1MAFA; available
ORequest another 9 fb~! 4.68 GeV 2025/26, more will come



BESIII AT results

»Published 17 (7 PRLs)+28 (1 NC+4 PRLs)
v SL: 3 (2 PRLs)+6 (1 NC+1 PRL)

e AT > Aetv PRL 115. 221805 (2015)

e AT > Autv PLB 767. 42 (2017)

. AT > Xetv PRL 121. 251801 (2018)

e AT 5 Aet/utv PRL 129.231803 (2022). PRD 108.1.031105 (2023).
« AT > pK-etv PRD 106.112010 (2022).

. AT > Xetv PRD 107.052005 (2023).

« At > AntnTetv, pK{dn~etv  PLB 843.137993 (2023).
¢« AL 5> netv Nat. Comm. 16, 681 (2025).



AT SL status

Semileptonic modes
g3 ety ( 3.56+ 0.13) %
fga Antn— e, < 39 x10~4  CL=90%
fos pK etu, (88 + 1.8 )x10~4 PDG 2025 All
fos PKEm et < 3.3 x10~4  CL=90% from BESII|
g7 A(1520)e" v, (1.0 £ 05 )x10—3
Fog  A(1405)°%etw,, A° = pK— (42 + 1.9 )x 104
Fgg Aptu, ( 3.48+ 0.17) %

v’ Based on Xe*v and the known channels:

B(AY - non[A,n,pK]etv) = (0.55+ 1.53 + 1.15) x 1073
v/ Chance to Af - A*/N®) .
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AT SL status

AL Mode BF(x1073) Experiment AL Mode BF(x1073) Experiment
23.7+5.1(37%)"  ARGUS(1991)[24] | AT - pK et v, 0.884+0.18(20%)  BESIII(2022)[29]
26.845.1(19%)1 CELO(1994)[25] | A} — A(1405)e™ v,

A — Aetve (19%) (1994)[25] 2 AQ408)eTve, ) o 010(45%)  BESITI(2022)[29)]
36.3+4.3(12%)  BESIII(2015)[30] | A(1405)— pK —
35.64+1.3(3.6%)  BESIII(2022)[31] | Al — A(1520)et ve 1.0+0.5(50%)  BESIII(2022)[29]

AT = Apt Vy

34.945.3(15%)
34.84-1.7(4.9%)

BESIII(2017)[32]
BESITI(2023)[34]

A setX

39.54+3.5(8.9%)
40.6 +1.3(3.2%)

BESIII(2018)[35]
BESIII(2023)[37]

AT - pKir—etwe
AT s Antr— et

A - netv,

<0.33
<0.39
3.57+0.37 (10%)

BESIII(2023)[33]
BESIII(2023)[33]
BESIII(2025)[36]

11



BEPCII

JRAEE

2020: energy upgrade to 2 45 GeV
2004: started BEPCII upgrade,
. BESIII construction
2008: test run
Y 2009 - now: BESIII physics run

™ - 1989-2004 (BEPC):

12



BESIII detector

' NIM A614, 345 (2010)

The BESIII Detector

[ "'- e T
Drift Chamber (MDC) el (L=, == e
oP/P (°/,) = 0.5%(1GeV) Ul =
Ggesax (/o) = 6%

Super-conducting
magnet (1.0 tesla)

- '~_T<-'-7-- £ A +

Time Of Flight (TOF) ;
o,: 90 ps Barrel e _ S5
110ps endcap  EMC: GE/VE(%/,)=2.5% (1 GeV) 8- 9 layers RPC

(Csl)  o,4(cm)=0.5-0.7 cm/VE dRP=1.4 cm~1.7 cm

pnCounter

13



BFs of AT - Ae™v

» Updated BFs
» First comparisons on differential decay rates and FFs with LQCD.

» N(Af - Aetv) = 1253+ 39

M- (GeV/c?)

=
/ //,,,//

-0.2
(GeV)

mlSS

300+ —+ data
— total fit
-es Ao Ap'y,
200F -ve Ag> An*n®
-== other bkgs
100F
0.2 -0.1 0 01 02
(GeV)

mlSS

dI'/dg” (ps'GeV?)

0.2

0.15

0.05

PRL 129.231803 (2022)

A,
O l b

----- DATA: A{—> Ae'y,
----- LQCD: A > Ae'v,

| |
04 06 0.8 1 1.2
g2 (GeV?*/cb)

Fair agreement

14



BFs of AT —» Ae*v

PRL 129.231803 (2022)

» Updated BFs

» Disfavor some predictions @95% CL. 32 0 12 3 4 5
Phys. Rev. D 40 ( 1989) 2955 L L] e .
> Vo] = 0936+ 0.017 + 0.024 + 0.007, EESIM L e 53 1091 15 .
consistent with 0.939 + 0.038 from D - Klv. NRQM Piys R DaS(Iss2)3266 @
QCDSR Phys. Lett. B 431 (1998) 173 —_—
QCDSR Phys. Rev. D 60 (1999) 034009 ——
CQM  Phys. Rev. C 72 (2005) 035201 .
B(A[ = Aetv,) (%) LCSR  Phys. Rev, D 80 (2009) 074011 ——
—— POLE  Phys. Rev. D86 (2012) 014017 .
Constituent quark model (HONR) [9] 4.25 CCQM  Phys. Rev. D 93 (2016) 034008 .
Light-front approach [10] 1.63 RQM  Eur. Phys. J.C 76 (2016) 628 .
Covariant quark model [11] 278 NRQM Phys. Rev. D 95 (2017) 053005 .
Relativistic quark model [12] 3.25 LQED - Phys. Rev. Lett. 118 (2017) 052001 i
Non-relativistic quark model [13] 3.84 LFQM - Chin. Phys. €42 2018) 093101 &

. LECQM Phys. Rev. D 101 (2020} 094017 —_——
nght-COI]e Sum rule [14] 3‘0 j: 03 I_FQM Phys. Rev. D 104 (2021) 013005 i
Lattice QCD [15] 3.80 £0.22 HBM  Phys. Rev. D 107 (2023) 033008 ——i
SU(3) [16] 3.6:04 QCDSR Phys. Rev. D 108 (2023) 074017 ——
Light-front constituent quark model [17] 3.36 = 0.87 PDG 2015
MIT bag model [17] 3.48 BESIIT 2015 ——
Light-front quark model [18] 4.04 +0.75 BESIII 2022 rot
This Letter 3.56 £ 0.11 +0.07 T e R

BN, — Aev,) (%)



FFs of AY - Ae™v

» First comparisons on FFs with LQCD.
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PRL 129.231803 (2022)

0.5 i
q> (GeV?/c*)

« Different kinematic behavior

« Statistical uncertainty domina’gcgs



BFs of At - Au*v

PRD 108.L031105 (2023)

» BFs is measured.

» 3 times more precise than prior world average.

~+ data N(A'(l; — /1‘[1+V) = 752 + 31

— total fit

wss Ag—> An'n®

-=nonres bkgs B(A-(I; — A,u-l_v)

S ol = (3.48 + 0.14,,, + 0.10)%
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BFs, ALp and LFU of A} — Altv

PRD 108.L031105 (2023)

=
On

o
o :
Ch

-

= = This work

dI'/dg?* (ps''GeV?)
o

%02 04 06 08 1 12

q* (GeV?)
a c—A p'v,
E 0.15F s
Z 01
3 0.05
—
= 0 , ) . ) . . i
0 02 04 06 08 1 1.2
q* (GeV?)
1.4F '
12}
o= 1k ..—*..::_L‘_ -
L7 :1:"_“:";
0.8~l:
0.6 , ,
0 0.5 1

g (GeV?)

v' Differential decay rates, consistent
with LQCD.

v Forward-backward asymmetries, no
LFUV.

v’ First LFU test reported, R(Z—:) =

0.98 + 0.05.;,; + 0.03, compatible
with LQCD 0.97.
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Apg and a,+ of AL - Alty

PRD 108.1.031105 (2023)

— [0 (12F
AL () = X T 0200y~ iy 10000y (¢°) = =z [Afs(q°)]
0
fO dq? dcos()f, dCOSHLp p + f I dg? dcos()/ dCOSprp ) aA
4 AloA ey, -4~ Averaged
4 Ac—>Ap'y, <+« LQCD
. U L
0 .+« LQCD :- <C¥A+>
3 % a1l 5 = —0.94+0.07 £0.03 -
':%-%r —++ 4’%: -1 _%'-— """"" { "" —%:— " I
_0-5 | _—
0 0. 5 | 0 O S 1
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Comparisons of AY - Au*v

PRD 108.1.031105 (2023)

TABLE I. Comparisons of B(Af — Au'tv,) (in %), (ay ), (Afg), and (Afg) from theories and measurement.

B(AY = Auty,) (@, ) (Afp) (Afg)
CQM [20] 2.69 —0.87 -0.2 —-0.21
ROM [21] 3.14 —0.86 —0.209 —0.242
CQM(HONR) [49] 4.25
NRQM [50] 3.2
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 04 —0.86(4)
LFCQM [27] 3.21 £0.85 —-0.97(3)
MBM [27] 3.38 —0.83
LFQM [22] 3.90 +0.73 —0.87(9) 0.20(5) 0.16(4)
LFCQM [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)

» BFs disfavor [20] and [49] >95%CL.
« Decay asymmetry consistent with all the predictions.
» Lepton FB asymmetry differ from LFQM in [22]. 20



T asymmetry of A - Al*v

PRD 108.1.031105 (2023)

T — [(fi)zr o f(;t)dk/][(f()l o fgl )dCOS 91?]F§.cost9l,
p aAFf

T,(A¢ = Ae™v) = —0.021 + 0.041 + 0.001
T, (Af —» Autv) = 0.068 + 0.055 + 0.002

v Consistent with 0 of SM.

v"No indication of new physics.

21



FFs of AT » Altv

PRD 108.L031105 (2023)

» Simultaneous fit with helicity amplitudes

09F

More precise

i (g)

22



PRD 106.112010 (2022)

» Second observed SL decay
> B(Af - pK~e*v) = (0.88+0.17 +£ 0.07) x 1073 with 8.2 5.
» Evidence for A(1405) and A(1520) in pK~ spectrum:
« B(Af - A(1520)etv) = (1.02+ 0.52 + 0.11) x 1073 with 3.3 7.
e B(Af - A(1405)[- pKletv) = (0.42 + 0.19 + 0.04) x 1073 with 3.2 7.

20| +data 10 ] AE—> /\(1520)e:\;‘a —}— data

—total fit o~ Ac— A(1405)e'v, P to+tal fit o
% l At pKe* 0 1 | i I i A= pKNRe Vo
O 15k : P - Ve ’; . % As— pKn*n®
P o P u*vu ! L 9/ == other bkgs
g 0 ~ Ai— pK*n® % ool -" o . = H s S
T B -
% other bkgs E %
O ) 5 it 4
s -0.1F z | WL 1171

02 01 00 01 02 14 15 16 17 18 19 14 15 16 17 18

U_ (GeV) M (GeV/c?) Maosled



PRD 106.112010 (2022)

TABLE I. Comparison of B(Af — A(1520)/A(1405)e™v,) [in x107°] 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)e*y,)
Constituent quark model [8] 1.01 3.04
Molecular state [9] L 0.02
Nonrelativistic quark model [10] 0.60 2.43
Lattice QCD [12,13] 0.512 £+ 0.082 e
Measurement 1.02£0.52 +£0.11 V4220192004

B(A(1405)—pK~)

Need more data and more detailed study!
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At > Artm~etv and AL - pKdnetv

PLB 843, 137933 (2023)

A} - AmTnetv,

» Search for A*: 6F 4 au
* B(A(1520) » Ar™n™) = (10 £ D% g [ e
» Excited A* could decay to pK*(892)"~ 3 ‘e
> Upper limits @90%CL.: £
e« B(At - Artm~etv) <3.9x107* 5 | | imE e
. B(AJg - pKSOﬂ_eJrv) <33x107* Y ¥ R P
_ U . (GeV
« B(Af - A(1520)etv) < 4.3 x 1073 i 7EV)
e B(Af - A(1600)etv) < 9.0 x 1073 _ A¢ - pKsmetve
i —+-data
~ 3 .
The BFs for Al — A*e™ v, predicted by different theoretical models, in units of E I [ |signat mc
1074, =
A* state CQM [8] NRQM [9] LFQM [10] LQCD [11] ;
A(1520) 10.00 5.94 —- 5.12+0.82 3
A(1600) 4.00 1.26 (0.7x0.2) —=
A(1890) — 3.16 x 1077 — —_
A(1820) _— 1.32 x 1072 — —




Nat. Comm. 16, 681 (2025)

» A CS transition ¢ —» dIl*v beta decay never been observed

> Big challenge due to two missing particles n and v, extensive bkg. from At - A(nz®)etv
» DT with Graph Neural Network(GNN) is used for 3-D classification

> Validated with control samples of |/ - prr*n, J]/Y - pK*A and c.c.

> Further cross check on B(Af — Ae™v)

140 ; 140
120 a Data 120 a Tm
Af = nety, = fev,
134213 Eaow ) 13112 F Ao
S sk I Other A? decays ] S sk B Other A] decays ]
E 40 E 40
PO } b 2E
0 oy L L 0
_ 3 _ 3f ]
E o0 Eh?ih bbb bty %ig T o brghetibgdh it b it g g
3 3E ]
0 01 02 03 04 05 0.6 07 08 09 1 0 01 02 03 04 05 0.6 07 08 09 1
GNN output for n/A classification GNN output for i/ A classification
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Nat. Comm. 16, 681 (2025)

2 :><IO3 ey -xl(}‘
20 F (a) ¢ Data: J/ — pr'n 2k (b) i (c) t  Data: Jj — T (axt)E(pa")
3 . — a 1 Weight factors for n 50 ¢ . = (An-)E*
18 E b Data: J/y — KA 1.8 i ¥ Data: J/r — = (AxT)EHAxY)
16 F ] MC:a/g - prrn Lo a ¥ Weight factors for A 40 | [] MC: Jpy = SHnahE(pr")
S [ ] MC:Jjyp - pK*A . gl4t g | [ ] MC:Jjy - E-(Ar)E*(Anh)
?‘1'!2} El.zlfII ;F H¥ §30._
% 10 _ = 1 ;' .................. ,“.“ 't"’#ﬂ““*m{'m* ﬁ#ﬁ .......... %
[ » = L1 I [ 2 L
o 8f s Zos fHit=ne @20 ’
6 "L 0.6 F m
4F . 0.4 F 10 F
2F e 02 F .
Ul_ | AN PPN IPUPIFIP IFIPIPIF I AN I PP I I 0l ;
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
GNN output for n/A classification GNN output for n/A classification GNN output for n/A classification
~ x10° 10 _xl03
20 d) ¢ Data: J/r — prh . 2k ©) 50 = % ¢ Data: Jjgr — E-(in ) (pa”)
18 { $  Data: J/r — pK~A 1.8 F 1 Weight factors for it * o ] Data: J/ — E7(AnT)E(An7)
16 [ ] MC: g — prn - 1.6 ¥ Weight factors for A _40F ] MC: iy — EGin)z (pa)
24 [ ] MC: g — pk-A El4F o g f [ MC: 1jy — EXAx)E- (A7)
S12 EI.Z* H j 1; +++ =
— . . —
4 il [ 2 — ] 4
o 8 S08 @
6 L 06 F
4 04 F C
2 02 F C
() DmeEEeE A o e OO ™ [ — I B [ I B () EecermeEmms s eme e ERRERSSA NS iy Py
0 01 [)2 {J 3 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 |1 0 01 02 03 04 05 06 07 08 09 1

GNN output for it/ A classification GNN output for 7/ A classification GNN output for i/ A classification



Nat. Comm. 16, 681 (2025)

03 -0.2 -0.1 0 0.1 0.2 0.3 04 0.5 0.6
L L L

NRQM Phys.Rev.D.dmI(iml?ﬂI]Z‘)SS o ; i v B(A-(l,‘_ - Tl€+V) — (357 i 0'34Stat. i 0-14syst.) X 10 3v
RQM Phys. Rev. D 56 (1997) 348 . _ .

HQET  Phys. Rev. C 72 (2005) 035201 . consistent and precision comparable to LQCD.

cQM Phys. Rev. D 90 (2014) 114033 . _

RQM Eur. Phys. J. C 76 (2016) 628 . 4 |VCd| = (0.208 + 0.011 + 0.007 £+ 0.001 , first from

SU(3) Phys. Rev. D 93 (2016) 056008 —— . _

QCDSR  J. Phys. G 44 (2017) 075006 - charmed baryon decay and consistent with the world
SU(3) JHEP 11 (2017) 147 —.—i

LFQM  Chin. Phys. C 42 (2018) 093101 e average value (0221 x 0004)

SU3) Phys. Lett. B 792 (2019) 214 —e—

MBM Phys. Rev. D. 101 (2020) 094017 . v" Test various theoretical models.

LFCQM  Phys. Rev. D 103 (2021) 054018 & . :

SUG)  Phys. Lett. B 823 (2021) 136765 —— v Power of modern machine learning techniques.

HBM Phys. Rev. D 107 (2023) 033008 —a—i

QCDSR  Phys. Rev. D 108 (2023) 074017 ——

LQCD  Phys. Rev. D 97 (2018) 034511 —e—i

BESI]{I exp. | | | F—.—Il |

L I TS T R T L MR PR
03 -0.2 -01 0 0.1 0.2 0.3 04 0.5 0.6
B(A; — ne*v,) (%)
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ML example

q00 [ T T l T T T l T =] 50 — Ll ' L] Ll Ll l L} L) L) l L) L L) l L) Ll LJ l LJ p—
2 —+— Data R [ %*/nbins = 45.2/31 —+- Data i
B A -pr® . 40: — Fit: total :
g 5 4 B Other AR decays T F (a) B Fles AL —pr® ;
- Hadron BKG 2 % S T Fit: other AJA, ]
= ] = 30F e
= 2] - = e TRl e § o
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s . 7 & ;
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- >
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BESIII AF SL opportunities

Lots of channels to be and being studied:
v AL - 2t/ /*ety(BAM-589, CWR)

v AL - pn~ev (BAM-736)

OAf - pK e*v (ML)

OAf - pK utv

OAL > pr—utv

OAL - nutv (ML)

OAf - nK2etv (ML)

OAf - 200ty | ZVetv, Anletv, Antm~etv, pKim~etv
OAL - pK nttety

OAf > pntnetv
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Outlook

>9 fb~! more data at 4.68 GeV has been approved and will be collected
during 2025-2026 (~180 days)

1 x 108}
G Upgrade BEPCII "\
n (BEPCII-U)
:':m 8x 10% ‘ /1 o
IE ’ \
§ BEPCII o %%
g 6x10° .Q\O
g Q0 o '\
= O \\
= 4x10° ’ \‘,
Q
Zxi0Pt a
£ S : . :
2.0 3.0 4.0 5.0 56
Ecm (GeV)
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Outlook

>9 fb~! more data at 4.68 GeV has been approved and will be collected
during 2025-2026 (~180 days)

Decay channel Branching fraction

A - Aetv, (3. 56.+ 0. 11sm,,+ 0.075ys¢ )%

AY - Auty, (3. 48.+ 0. 14staq+ 0.10y5: )%

Af - netv, (3. 57.+ 0. 34s,at,+ 0.14y5 ) X 1073
At - pK~etv, (0. 88' + 0.17 5104 + 0.075ys ) X 1073
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Outlook

>9 fb~! more data at 4.68 GeV has been approved and will be collected
during 2025-2026 (~180 days)

v" Several hadronic and SL channels could be observed

10 B A\:— A(1520)e’v, —— data
Ac— A(1405)e’v, — total fit
e AP pK'Nme*ve
335 As— pK*n®
-« other bkgs
=== Al pKuty,
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Summary

> BESIII has dominant A7 SL decays since 2015, many channels were first observed and several physical
observables were measured(e.g. BFs, FFs).

> Milestone channel A7 — ne*v was firstly observed and studied with new method, which provide
opportunity to many analysis of BESIII.

» More channels in Project IT are ongoing, good opportunities to study charmed baryon dynamics and
test SM.

> 2025/26 BEPCII-U will be more efficient and 9 fb~! more data will be obtained at 4.68 GeV.

» Very welcome predictions from theory and suggestions from theorists.
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Decay dynamics of A7 — Ae™v,

Definition of the polar and the azimuthal angles

Differential decay width

Helicity amplitudes:

s G%lvulz . qu

—_gv A via) V(A)
HAMW - HA,\IIW _Hi,\iw and H—ll,\-lw - +(_)H44\1w

dg*dcos,dcosO,dy  2(2x)* 24M3

3 2 2 3 2
{g(l —cosO‘.)~|H%,|-(l +aycosf,) +§(l +cos€,)11H_%_,|~(l —aycosf,)

4D fit to extract FFs

- e*v, mass squared: g*

« A — pr~ helicity angle: 6,

« W* = e*y, helicity angle: 6,

« Acoplanarity angle between A and W+: y

Parameterized by “Weinberg form factor’

V20_[F) (") +

V20.[F} () - s )

q
,/ L ((My: - MAFNP) -
q

\O+/4%9+(g )My, — My).
“Weinberg form factor’ 39 0+/49 (@) Ma. ~ My

3 . ) ) 3 . »
+ Zsm-G,[IH])(,I-(l +apcos),) + |H_o|* (1 —ap cosf,)] + ﬁa’\ cosysinf,sind,
x [(1—cos8,)H_jHy + (1+cosb, ) HyH_,_] } Neglect lepton mass term
;':(q:) - i ‘;.‘P_’Fl/.(qu,, + M = ) ), ) g
Lovea | Ma Mg sMy Parameterized by “Helicity form factor”
[Fa(@) = My M) _q:ILw )= gl
(My: + My) Fi@) = #wﬂn.;—Mn’—q.(q’)-q’x. - -
T, Ml 4 - M- v 5 2
iy = MM G Hy, = v20-fi(q),
| 774 2
HY = V20.0.(),
2 L
= Vv 7
(My: + MOFY (@) + 2= F} (@), Hy, = 0-/4*f(g*)(Mp, + My),
Al

The relation between H’l‘

& Following LQCD

“Helicity form factor”
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