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Hyperon in the particle physice

A large number of hyperon are producted in various colliders.

Rich dynamics effect. CP violation, EDM and so on.
2105.11155, 2307.04364
A good platform for texting CKM matrix element.

Precise texting the SM and QCD.
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Hyperon weak radiative decays

Puzzle of WRHD

. The parity-violating amplitudes were predicted to be zero for
2. — py and= — >,y processes in SU(3) symmetry.
, 1Gp o N e
(B|H(0)|B) = =i (a + bYs)0 B ———,

mp

2 2 \3 :
Br(B - Blv) = —E (1—%) (laf? + ), @ = —ao-D)

167T5 5 2 ~ e+ o2

« Confict with the experiment data.

a(E+ — py) = —0.652 + 0.056 % 0.020.
Phys.Rev.Lett. 12 (1964) 378-379
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Hyperon weak radiative decays

The BESIII experiment published its precise measurement of the

decay . Py -

Br(S* — py) = (0.996 + 0.021 + 0.018) x 103
a(ST = py) = —0.652 £ 0.056 =+ 0.020.

This measurement is lower than its world average value by 4.2

standard deviations. Br

XY — py | 0.996 + 0.027 —0.652 + 0.060

81

A—->ny | 0.832 £ 0.066

—0.16 =0.11

= > Ay | 1.17+0.07

—0.704 £+ 0.067

= > 3X% | 3.334+0.10

—0.69 = 0.06

T = X7 9] 0.127 + 0.023

L0213
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Light-front quark model in the hyperon

Light-front quark model with three quark picture

Recent years, the LFQM has been explored to the three quark

picture. 2212.00300, 2303.02946, 2304.07698
B(P,S,5.)) = [{d®}{d®5:}{d*Ps)2(2m)*63 (P — pr — P2 — Ps)—
My Mz \/P—+
X Z \I’SSZ (ﬁlaﬁZaﬁS:AlaAQa AE’))C’?‘kaq?l’(pla Al)qg(p%AZ)qg(p?n)\S))a
A1,A2,A3
w5~ (5, A =55 3
=Aot(p3, A3) (P + Mo)(—v5)Cu" (p2, A2) =A1a(p3, A3) (P + Mo)(v* — v*)Cu" (p2, X2)
X ﬁ(plaAl)u(vaz)q)(xivkiL): 1

X 'L‘L(Pla)\1)(%%75)16(}?SZ)(I)(:E""]C"'L)’
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Wavefunction of heavy baryon

3

o
\IJO ’ (p?la )\%)
=Aot(ps, A3) (P + Mo)(—75)Ca” (p2, A2)
X ﬂ(pla Al)u(Pa SZ)(D(:I’.'“ k?lJ-)a

11 1 1
<§§ §389 OS23><§O;S10 ESZ>

= Agit(p3, 53) (P + My)(—rs)Cia” (py, 52)
X ﬁ(pl’sl)u(i)’ Sz)

8_2
(pz:)\)

= A111(p3, \3)(P + Mo)(v* — v*)Ca" (p2, Ao)

1 =
X ﬂ(}h, Al)( ’YM’YES)’UJ(Pa Sz)q)(w’u kil)a

V3
11 1
<§§ 5387 5S2>

1
1 —1;
323><2 §1523

= Aii(ps, 53)(P + M) (y* — v*)Cit” (py, 5,)

X u(p1,s1) (%7;:75) u(P,S,)

Phys. Rev. D 107, no.11, 116025 (2023)
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Light-front quark model in the hyperon

Wavefunction of light baryon

33®3=(65®D34)®3= (105D 85) D (81, B 14)

1
: - _ 1
Sk p: \/E(QUUd udu — duu) 8my: P E(udu — duu)
1
= 1
1 \/f_j( 2ddu + dud + udd) " ﬁ(udd—l—dud)
1
iy — — 1
)Y \/6(2uus uSsU — SuU) ik« ﬁ(usu — suu)
1
EO 2 . 2 _ — 1
—\/ﬁ( uds — usd — dsu + 2dus — sud — sa 50 . E(usd—l— dsu — sdu — sud)
1
L 1
& %(QddS — dsd — de) DT T(dsd — de)
1
o, 1
A 5 (usd + sud — sdu — dsu) A° . ——(2uds — dsu — sud — 2dus — sdu + usd)
i V12
B s —2 1
\/g(sus + uss — 2ssu) =o . \/i(uss — sus)
1
= —(sds + dss — 2ssd) 1

[1]

S

" —(dss — sds)

=
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Light-front quark model in the hyperon

Wavefunction of light baryon

202@2 = (2@2)@2:(1@3)®2=(1®2)ea(3®2)=2@2@4

2.t |1/2,1/2)

(2 ML=t = 2m, 0 [1/2,1/2) (NT 1)

~ Sl
Sl

1/2,-1/2) - %(T¢¢+H¢—2¢H) 1/2,-1/2) : W )

Sl

Flavor symmetry wavefunction.

1 S S
NG (wj‘]\c/fsnMS + ¢1{4A77MA)

-

BPS5)) = [{dhHd haHd )2 8P 1~ — )

X Z: ‘I’S’SZ (ﬁlaﬁ27ﬁ3:’\11’\25A3)CU Iq'i(Pl,)‘l)‘é(p% ’\2)q§@3”\3))

Al 1A2 1A3
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Spin Wavefunction

‘I’ﬁfq = @(p3, A3)a@” (P2, A2) gU(P1, M) LS A1 B (2, Ki L),

e |= (P + Mo)(y* — v*)C]** [%mu(ﬁ,mra 208
Spin information _ _ ’
I |= (P + Mo)(—¥)CI* [u(P, S,))", 20 A

Flavor Spin

Fiﬁ"r )’

1 a
‘I’S'S‘ = AI(I’(:I,'.;, k,’J_)(iMfg.,lFSB‘? - Mfﬁ.y

M3, = 2i(p3, A3)ati(p2, A2) gd(p1, A1)y — W(P3, A3)ad(p2, A2)st(P1, A1)y — d(p3, A3)ati(p2, A2)st(p1, )\1)7) ;
Mcfﬂv - u(p3, A3)ad(p2, A2) gt(p1, A1)y — d(P3, A3)a (P2, A2)st(p1, /\1)«,) ;

g
3

Sl S-S

T

10
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Light-front quark model in the hyperon

Flavor Wavefunction

One can define p; as the momentum of a quark with a specified
flavor

P3 ——— u
P2 — u
BP5,5.)) = [{@hHERHE ) x 2008 (P ~ 51 ~ 2 — 1)

X Z U5 (By, Pa, P3, A1, A2, A3) C7¥|u’ (p3, A1)w? (p2, A2)d* (p1, A3)).
A1,A2,A3

1 o re @
WSS = Bz, ki Jalps, Matlp A)si(pr, )y x (@3 T -1 +

aypB YBa
-T .
\/§ A ))

11

v
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Light-front quark model in the hyperon

Simplify the wavefunction

1 o Ct (4] (8] x
USS: = s M(i, kit Ji(pa, Ma)ati(pa; M) su(p1, M) X ( 757 - T -T™) + f(r‘ ® Ty )).
Fierz transformation
g = 4}( (P + Mo)o"y5C)*8 [0, u(P, S.)]” — [(P + Mo)(v* — v*)C1* [y, ysu(P, S.)]”

+7[(P + Mo)vsC1*P [u(P, 8.)]” — [(P + Mo)y*45C1* [y,u(P, Sz)]"’)

g™ = 4}( (P + Mo)o"~5C)* (o, u(P, 5.)]" — [(P + Mo)(v* — v*)C1* [ruysu(P, S.)]"
~[(P + Mo)y*45C1*8 [y,u(P, S:)]” — [5(P + Mo)vsC1*#[u(P, Sz)]ﬂ
ry"” = _Tl ( - %l(fb + Mo)o*45C)*? (o, u(P, S:)]" + [(P + Mo)(v* + v*)7sC1*? [y, u(P, S.)]”

+[(P + Mo)(v* — v*)C1*® [y v5u( P, Sz)]"')
I = 5 (5IP + Moo 1C1lo,uu(P, SO — [P+ Mo)(r* — )OI rsu(P, S.)7

[P+ Moy s CY A u(P S+ 3P + Mo)aCI [u(P, 5.)] b
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Light-front quark model in the hyperon

The wavefunction of octet baryon

WSS = (ps, As)aii(p2, Aa)pii(p1, A1)y TS Ay B (i, kir)

7 = ([(f_b + Mo)o" 5C]* [0 u(P, S;)]" = 4[(P + Mo)(v* — v*)C1* [yuysu(P, S.)]”

_9(P + Mo)(v* — v)rsCl* fru(P, s,,)rf) .

the lowering operators T u=4d U.d=s YV i =2
- Ty — TN — M e

et
V2

-V_U_|p) = |E°), T-V_U_|p) = |=")

T_|p) = |n), ~U_lp) = [E%), —=T-U_|p) = |=°)3T-T-U_|p) = |="),

-1
, %(V- +U_T_)|p) = |A).
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Light-front quark model in the hyperon

The wavefunction of octet baryon

B(P.5.5.)) = [{dRHERHE5)20m 6P ~ 51 — 2 o)

X Z \Ij . (ﬁlaﬁ%ﬁi’n )\13 AZ) )\S)CZJkMI (pla A1)(]2(2)23 A2)Q§(p3, A3)):
A1,A2,A3

Order of q1 g2 g3

p: uud, n: ddu, T : uus, X°: uds,X " : dds, E°: ssu, =" : ssd, A: uds. V.

%P7 = refr = —refr, 1287 =128 = Voref” = -1, 127 =127 = 12

N+ ) =0 =

I-%ﬁ'r = rgﬁ"r = Fgﬁv.

The wavefunction of Lambda N
W(p3, A3)a (P2, A2) gT(p1, A1)y TN T Ar® (4, ki),

T = [(P + Mo)ysCl*P[u(P, S.))". 14
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Light-front quark model in the hyperon

The symmetry of three quark

USS: = (ps, Aa)aii(p2, M) pi(p1, M) T Ay (i, ki)

7 = ([(13 + Mo)o"15C)* [0 u(P, S;)]" — 4[(P + Mo) (v — v*)C1* [yuvsu(P, S:)]”

~20(P + Mo)(* — o)1 u(P, )1 ).
Fierz transformation
(P + Mo)(v* — v")CP* [yursu(P, S2)]" = (P + Mo)(v* — v*)C]* [yuvsu(P, S2))7,
[(P + Mo)(v* — v*)3sC1P [yuu(P, S2)] = (P — Mo)vsC1*P[u(P, S2)]" + [(P — Mo)y*45C)* [y, u(P, S:)]",
(P + Mo)o"7sC1P* [0 u(P, S.)]" = [(P + Mo)o*15C]*A[ou(P, S:)]” — 4[Moy*y5C1*? [y,u(P, S:)]”

+4[Py5C)*° [u(P, Ss)]. (A3)
afy _ pBay
ISF =I5
1 1 1
U = oA, ki Ju(ps, As)ati(pa, Ae)(P1, Ar)y X (%(zr‘gf’” - o 7i(r;ﬂ'f6 + ri‘*a)),

This symmetry can only be constructed based on the fact that the spin wave function in our

work is symmetric under the exchange of A1 and A2 1
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The symmetry of three quark

§55% = EAI‘I’(Iia ki1 )u(ps, A3)ati(p2, A2) gti(p1, A1)y X (ﬁ(zrsm - sts - Fﬁ"’ )+ 75(1_‘,476 + FiT ))-
-
Gs/a(pis Ai) = 4(p3, A3)al (P2, A2)gt(P1, A1)y X 1‘3;?,1,

Galpis N A(atpa,xa),a(pz,,\z),a(pl,Al))<

GS(,Pis/\i) A(ﬁ(Plla 1\3), ﬁ(msA2)vﬁ(pls’\1)) <

11
—~ =3 A3A2|0A23

(i)
().

11
——; A3A2|1 23

summing up all the helicites -
> Gawd) = 5[4 (a3 6on—3). 0001, ) - 4 (alm,~ )10 ) ) |
A1,A2,A3 -
1 _ _ _ 1 _ 1, _ 1, 1
X Gslonh) - 7 [24 (55, 3).3002, ). 501, 3) ) - 4 (a0, 3,502, 5) 01, 5))

1

~Aa(ps, —3), 6P, 5), 5o, 5

2

)|

Phys. Rev. D 107, no.11, 116025 (2023)
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The symmetry of three quark

Z USS: = A1‘I’(Ii,ku)\/+—8 [214 (ﬁ(Pag %):ﬁ(P'b %),ﬁ(l’la—%))

xl 1A2:A3

- (s, 3),a(p2, ) s, 5
+2A(

A((p

-A

= _A ¢(I11 il [2A

—-A

(s
(s
(s

(pa, 3), ©lpa, —3), Ulpy

3
3:

1
g

o U(Pz

1

), u(p2, -) u(p1,
‘U(Pz, , u(pr,

): U(Pz: _) u’(pla

u(pls

- 4 (a(pa, ), 0(p2, ). 0, 3 )
- 4 (s, 3), 0002, ). 61, 3)
- A (ﬁ(Pa, -%)aﬂ(Pz: %):ﬁ(Pl’ %))

-

%)) +24 (ﬁ(pa, %),ﬂ(}"z, —%),a,(pl, %)
)|

%)) - A (ﬁ(ps, %),ﬁ(pQ, —%)’ﬁ'(pl, %))
%)) o+ permutations],

&) NANJING NORMAL UNIVERSITY
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Light-front quark model in the hyperon

The symmetry of three quark

R \/Ll_sAi@(x,-,m [2A (ﬁ(P;h%),ﬁ(Pz,%),ﬁ(Ph“%)) —A(ﬁ(psvé)’ﬂ@m—%)*ﬁ(f’“%))

xl 1A2:A3

A (a(ps, -1, a(pa, 2., %)) ; permutations] |
€1€2€3 —3/16 kiy - kji1 + kizkj.
Bz, k) = 16 -y
e \/I1I2$3M0 (52) " e 1<) 267

/ (H 2(d2ku) 7)3|®(zi, kir)|* x & (1 - Z‘Ii) 52 (Zk“'i) =

The shape parameter can be determined by the decay constent which estimated by Lattice QCD

B#A _ 1 dzd®ky, dzad?ks; 1 = dzod?Rer | dzad2k
AT = m3 23@rE 20277 \/zlz—mAB#A‘I)(iEn ki) Y _ﬁ 2?27r)§¢ 2z2ﬂ)g¢ \/3%11/\‘1’(1‘1', ko)
g ( — 2Tr{(P + Mo)(7" = v*)5(p, — m2)(1 = 96)7" (P + ma)| Trby (L +75) (p, +m1)7a (P + Mo)] . ('n[(ﬁ + Mo)5(p, — ma)(L = 75)7* (P, + mu) | Trbra(1 +75) (p, +ma)(P + Mo)l)-

—ATY[(P + Mo)(v* — v*)(p, — m2) (L = vs)v* (B, + ma) | Tebra (1 +75) (B, + m1)vas(P + Mo)]

+TX[(P + Mo)o®Pys(p, — ma)(1 — 75)7" (P, + ma)| Trlyu(1 +75) (P, + m1)oas(P + Mo)]), 18
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Light-front quark model in the hyperon

The symmetry of three quark
1 1

R \/LI_SAicp(x,-,k,-l [zA (a(ps,%),ﬁ(pz,é),a(pl,%)) —A(ﬁ(m,%)’ﬂ@m—ﬁ)*ﬁ“’“é))
A1,A2,A3
1

l —A (ﬁ(Ps, —%),ﬁ@z, %),ﬁ(pl, 5)) + permutatiOHS]-

€1€2€3 —3/16 kiy - kji1 + kizkj.
®(z;, k1) = 16 —
(4r ) \/$1I2$3M0 (fﬂ) " e 7 " ; 232

/(H d2k”") m)*|® (i, kir)|? XJ(I—Zmi)62 (Zku)=1

2(2

The shape parameter can be determined by the decay constent which estimated by Lattice QCD

baryons N ) = A
AP(1073GeV?) -449  -46.1  -498 -42.2

B(GeV) 0.361 0.345 0.434 0.378 .
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Hyperon weak radiative decays

Hamiltonians

1-6,12
G

H(s = dy) = EV‘” o Z [(zi(p) + 7y (1)) Qi (1)),

Ql = [ﬁ'a')fp(l - 75)35][(;&7”(1 - 75)“&]1 Q2 - [ﬂ'u')(p(l - 75)301[(157“(1 - '75)'”'{3]1

Q3 = [dau(1 = 75)80] D (357" (1 = 75)g8], Qa = [dau(1—15)38] »_[387" (1 — 75)dal,
Qs = [davu(1 — 75)8a) ) _[@87" (1 +¥5)a8], Qe = [davu(1 —75)s5] D _[@s7*(1 + 75)gal,
‘1 - VisVig ‘?

e -
msda””(l +75)3Fpua T =

?
VusVia

z1 = —0.606, 22 = 1.346, y; = y2 =0, 212 = —0.081, y,2 = —0.383.
. M g

omit

20
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Hyperon weak radiative decays

Matrix element

, ZG - vV %[
(B'4|H(0)|B) = ﬁuﬂ,(a + by5)0 s qﬂ; |

M = (B'7|H(0)|B) = \/—(MP+MT)

Mr = ViuVig D (2 + 1) (B"1|Qi|B), Mp = ViViy(z12 + Tylz)—ms (B'y|do"" (1 4 v5)sF | B),

@d) 21
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Matrix element

= (B[H(0)|B) = \/— =(Mp + Mr),

* . € / 7 v
Mr = vusvude(z; +79:)(B"Y|Q:|B),  Mp = VaaVia(212 + 7412) g_zma X (B'y|do™ (1 + 75)sFyu| B),

dz,d?k, | dz,d’k,, ®(z;, ki) )®* (!, kL))
2(2m)®  202m)3  \fz,(1 - b — xh)
x [(#, +my)e" (1 + s (pl +ma)]ye X [P, + m3laalp, + m2|sAsAp(2ig.€,,(q)),
Pky, Phyy 2K, ApAp € (T T ®(xi ki) ®* (@), k],)
2(2m)3 2(2m)3 2(27)3 /21 (1 — 21 — 2)} (1 — T} — x2) (k2 — mf?
x [(#, + m)y" (B +ma)n (1 —v5) B, + mi)lar X [(B, +mi)y" (1 = 5) (B, + m3)lcalp, + malee,
, kyy d’kyy d’ky, ApApe, (Q)Fdefrabcq’(xia kil )@ (], ki)
12(2m)3 2(27)3 2(2m)3 Vz1(l = 21 — 22)74 (1 — ) — 22)(k2 — m?)
x [ +m3)y (1 —v5) (K + m)y* (p, +mi)lag x [(B; + M)V (1 = 75) (P, + ma3)]ealp, + malse,

, d%ky ) d?K} de f=<abc 1
=C / dz,dz) LL ApA g e
1021 3 95 2(2m)s BB uld) V1(1 — 21 — 22)7, (1 — @, — 24)z2P+q-

2 21/
X ( /dm? :(Qkus [(p, — ¢ +m2)v" (P, + m2)]be + [dwz s T 5((p, +ma (), + 4+ mz)]be)
X [(py + ma)v (1 — 75) (P, + m1)]ag®(zi, ki) x [(p] + mi)y (1 —75) (P + m3)]ca®” (], ki1 ),

Mp = ~VaiViglarz +712) 5 g maT5eTo /

C / dil?ld:l!gdilll

M% = C'/dxldxgd

C = eV, Vilz1 — 22 + Ry — 12))],
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Hyperon weak radiative decays

Symmetry factor

For every specific radiative decay process, we need to consider an additional symmetry factor SF gLPB, arising from

the flavor and color symmetries of each baryon in the penguin or tree diagram,

SF5t oy =2, SFg+ _py =4, SF /50 sny =2, SF/50_yny =2
SFzo_p/z04 =2, SFo_z/p0,=2, SF_ 5 . =4, SFz__ 5 . =0.

23
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¥orRmaL UV

Numerical results

TABLE IIL The corresponding form factor for each Feynman diagram in unit (10”*GeV?). Here we show the numerical results
for penguin diagram. Actually, a”, b” have complex phase from CKM matrix as e*® with § = —3.14. The total form factor can
be expressed as a = a”e'® + a" and b= b"e® + bW
form factors| a” a® a“ a? a® a’ b* b b© b? b* b/ o™ ¥

2t 5 py | 073 —5.96 —4.77 6.75 —4.86 1.44 | 021 0.83 —0.43 —0.43 0.49 0.54 |—-7.40 1.00

A—-ny |-031 -0.79 —-1.58 397 —6.30 11.67 | 0.06 0.07 —-0.75 —0.62 0.34 —-0.92| 6.97 —1.88

¥ 5ny | 1.06 144 197 -2.09 —1.16 —1.68 | 0.30 —0.42 —0.10 —0.29 —0.64 2.36 |—1.52 0.91
5 Ay |-0.07 0.17 9.56 4.05 —2.05 —20.52|0.006 0.32 0.42 —0.20 —1.07 —1.62|—8.79 —2.15
© 5%% 002 11.12 —27.56 10.49 —1.68 29.03 | 0.01 0.97 0.85 0.10 —0.10 —4.98|21.40 —3.16
= =Xy |-004 - - - - - -0.01 - - - - - - -

The W exchange diagram give the mainly contribution.

We are working hard to recalculate the results

24
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Phenomenological analysis

2 2 \3 ,
Br(B — B'y) = Gy mB( - %) (|a|2+|b|2), o Ma-9)

1671 5 B - la|? + |b|2
polarization
dBr*(B — B'y) G?2 m2\ 3 *
dcos(6.) - 1671'?3 s ( - m_gB) x (|a|* + b]* ¥ 2Re(a - b*) cos(6.)).

(foldcosﬁ dBr*_ —ffl dcosf —dB’"i)

Ydcosb., Ydcosf.,

Br*

£ _
AFB_

25
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Phenomenological analysis

The disparity in a(Z+ — py) indicates that these processes may entail
a substantial strong phase

a = |aP|ebe +[aW (e, b= [bF|ePe + bW el

The weak phase is determined by the CKM matrix element.
One can try to determine the strong phase by fit the a.

26
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Conclusion and outlook

We explore the LFQM in a three-quark picture for the light
baryon octetRich dynamics effect. CP violation, EDM and so
on.

Our calculations indicate that the main contribution to hyperon
weak radiative decays induced by s — d comes from the W
exchange Feynman diagram.

We are working hard to recalculate the results

We are trying decrease are error from the vegas integration
and give an error analysis.

We are trying to estimate the contibution of QCD penguin
diagram.

27



