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e Baryon: qqq.3®3X®3 =16 8, $ 8, P 10.

e Singly heavy baryon: qqQ.

e Some strong decay channels are forbidden by the phase space.
* The electromagnetic form factors encode crucial information, for instance,
the radiative decay width.
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Singly heavy baryon

e Singly heavy baryon: qqQ.3 ® 3 = 3, @ 6.

Yo (dde) Al ([udle) ¥ ({ud}c) Yt ({uu}e)

e diquark(qq) == 3¢ (s; = 0)
— 6 (51 =1)

.1 =0 ({us}e) /Z([us]e) Z ({us}e) /2L ([us]e)
* Spin-— 3, Y
o 3ok
Spm-E. Y
u Q. (ssc)
* my - 0, and Y. degenerate.
u
- ++ 3L B s+ Dot EXF
o - = = 0 E¢ o Dt x0 2z
Y3=| -AF 0 =0 (5 = ) = e o 0 =
=+ =/0 =+ =*0
_=+ _=0 =c =c 0 =c =c *0
= —=c 0 \ % % a2 \ % % %)

A: antisymmetric S: symmetric
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Chiral perturbation theory(ChPT)

em, K 1GeV < mg,my, my; chiral limit: m; = 0.

e Chiral symmetry: SU(3)xXSU(3). XU(1)gXU(1),

. . 1
£QCD = Z (qratID qry + qrtIP qr,) — Zg,ul/,agla“j‘
l=u,d,s

e SU(3)gxSU(3), —» SU(3)y ——> 8 Goldstone Bosons
e Lagrangian: chiral symmetry, CPT.. =——> Low energy constants = Experiment

* expand coefficient: p/A, =% power counting

Zﬂi + _n 7T4_ 1<=+
F2 \/5 \/6
£P = L Te[v,UvrU? with ¢ =2 S T
1 [ ] m vzt /e
K~ fo —%n
¢ .
U= =c%, v,U=08,U+ieA,[Q,U] Q = diag(3, —3, —35)
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HBChPT

e Mp>1 GeV and Mg # 0 in chiral limit. = breaks the power counting.

o “light” component B(p) and “heavy” component H (p)
pt = Mo* + k* velocity, v2 = 1

B(p) — esz a:]' +¢¢, H(p) — ein-a:%w

L =iB,(v-D)B, — H,(iv-D +2Mg)H, +iB,Ip , H, +iH,I) | B,

I DY =D, — D -vv* ~\

M=O M=2MB

e Integrate the heavy component out,

L= B (’I,'U D+’Lml D+2M El) v

= By(iv- D)B, — O(——) + ... E. E. Jenkins et al. Phys. Lett, B255
T. R. Hemmert et al. J. Phys. 1998, G24
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the momentum (mass) of the pseudoscalar mesons.

v’ The chiral dimension:

D=2L+Ip+2+) 2(n—1)Nyl+) (n—2)N}

n=1 n=1

e L: the number of the loops. O(p*)
e I5: the number of the internal baryon lines. O(p~'#)
e N2 : the number of the meson interaction vertices at O (p?")

e NB: the number of the baryon interaction vertices at O (p™)

V. Bernard et al. Int. J. Mod. Phys. 1995, E4: 193-346.
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. spin—% —>spin—% +y: g — Yz + +§ q
v’ The decay amplitude reads o M T M
M . 7 INT - . T ] 6 2 'I:O'l“/qy 2
= —tee’ (Y(p')|jult(p)) = —iee”Y(®)[(vu — q_zqu)Fl(q )4 sz(q v (p),

v’ The electromagnetic matrix element in the nonrelativistic limit

Bl =, ) 2|SH,S5%|q,
WO liulv®)) = B0l — 50)Ga(@) + 2o G (B,
2
GE(qz) = Fl(q2)+ 2(MiM/)2F2(q2)a In CME 000
Gu(@) = B(@) + Fu(d®), v=1(1,9,0,0
Pauli-Lubanski operator :
dalp |3 7 v
N (M+X4r)2|GM(O)|2 St = 5’750“ (%

D. B. Leinweber, et al. Phys. Rev. D 43, 1659 (1991).
B. Kubis et al. Eur. Phys. J. C 18, 747 (2001).
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Electromagnetic multipole expansion

. 3 .1 I B
® spin-~ —spin-—y: Ve — ¢3,6 + 7y
v’ The electromagnetic matrix element,

(Vg |dultb) = ezﬁg* (0" )L putp(p),
Lop = Gl(qz)(qp'y“ —q-Y9pu)¥5 + G2 (q2)(qppL —q-7'gpu)vs + G3 (q2)(quu - QZQpM)’YE)

v G3(g?) does not contribute when the photon is on-shell.

v In HBChPT scheme,

2M'
Fpp, = 2G1(q2)(qpsu —q- Sgpu) + G2(q2)m(vau —q- ngu)q -5

1 M, (3M' + M) — ¢?
GMl(qz):Z[Gl +{ e )—q +G2(M+M——q2)+2(G3+G2)q2},

1[, M{M_+¢?
GEz(q2) = i lGl a M ) + Go(M i M_ — q2) + 2(G2 +G3)q2] ;

A. Faessler, et al., PRD 74, 074010.
. _ / _ / . ’ ’ ’
with My =M+ M, M_ =M —M H. F. Jones et al., Ann. Phys. (N.Y.) 81, 1.
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Electromagnetic multipole expansion

. 3 .1 I B
® spin-~ —spin-—y: Ve — ¢3,6 + 7y

v’ The electromagnetic matrix element,

(Vg |dultb) = ezﬁg* (0" )L putp(p),
Lop = Gl(qz)(qp'y“ —q-Y9pu)¥5 + G2 (q2)(qppL —q-7'gpu)vs + G3 (q2)(quu - QZQpM)’YE)

v G3(g?) does not contribute when the photon is on-shell.

v In HBChPT scheme,

2M'
I = 2G1(q2)(qpsu —q- Sgpu) + G2(q2)m(vau —q- ngu)q -5

1 3M' + M) — ¢?

Z@N[+( Aj;, )~ +G2(M+M——q2)+2(G3+G2)q2},

1 M M_+ /
GE2(CJ)=Z[G1 = i +@M M_ —¢°) +2(G2 + G3)q ], <M —-M

A. Faessler, et al., PRD 74, 074010.
. _ / _ / . ’ ’ ’
with My =M+ M, M_ =M —M H. F. Jones et al., Ann. Phys. (N.Y.) 81, 1.

Gumi(g®) =
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Electromagnetic multipole expansion

The transition magnetic moment is defined as

:ﬁGMl(O)
H=\3 am

With the G /1 and Ggo, the helicity amplitudes are defined as,

Ag/2(@*) = =1/ 5373 (C1 (@) + Cra(g?)],

TOW
A12(q%) = — VE [Gm1(q%) — 3G m2(q?)],
with
Y M’2 — M? + q2
N 2M’ '
The radiative decay width reads, A. Faessler, et al., PRD 74, 074010.
H. F. Jones et al., Ann. Phys. (N.Y.) 81, 1.
MM M2\’
r= 200 (1-373) (432000 +42,,00)
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Tree diagrams

S

LO NLO NNLO

e The single line: spin-% heavy baryon, the double line: spin-% heavy
baryon. The curve line: the photon.

e The solid circle: O(p?), solid square: O(p?) , square: O(p*)

 Diagrams with chiral dimension D,

O(pPx) radiative decay amplitude

é o, .
O(pPx—1) transition magnetic moment
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Loop diagrams

,/ \\ // \\ // \\ // \\
I \ I \ 1 \ 1 )
(e) {f (9 (h) : H .
virtual line: a meson
RN PN RN RN
/’ N /’ \ /’ \ /’ N

§ § ? § Vanish:

(i 0 (’)(p3) (k) o S V= O

— .0 pv
St = 3y°atv,

(m) (n) (0) (p)
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O(p) Lagrangian

£ = STly(id — Ma)s] + Teld(ild — M)

—I—Tr[v,zg*_(—g,,,,, (Zm — M~ )_"‘ i('YuDv T %/Du) — T ('&_13 + MS*)’YV)%%*]
+91TT[¢§¢’75¢6] + 92Tr[(¢6¢75¢3_) +H.c.] + 93TT[(¢5=-;’UJM¢6) + H.c.]
+94Tr[(Vgeuytb3) + Hoc.] 4+ gsTr[g- fhysie=n] + g6 Tr[Uzthysvs),

Dyt = 0,3 +Tptp + 9T,
= S1€", 0,8 + 5eAu(€'Qn¢ +£QmeM),

= 1€1,0,6) — SeAL(ElQnE — EQnth),
0.Q. —dlag (1,0,0). Qb =diag (%~ = 7).

1

*Qp =0+

N

egyandg, +— T > Afn™) andT(ETT > Afn™). pig704547-550

e Other g; are obtained through the quark model.

3 V3
g1 =0.98, g2 = —\/;91 = —0.60, g3 = o 9= 0.85,

3
g1 =—V3g2a =104, gs=—>g1 =—147, @
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Building Block at O (p*)

v’ The tensor fields:
N = fk =—eQp(0,4, — 0,A,)

v = & & £ E L
) 1
f;jty = f,l:LI:I/ o gTI‘(f;tV)

~

e Tr(Q) =0 and Tr(Q) # 0

. ij : the contributions from the light quarks, 8; .

o Tr( :V) : the contributions from the heavy quarks, 1.

/ X 8y x+ = ETxET £ ExT¢,

X = ZBOdla’g(mlu mgq, ms)a
e At the leading order X+ = diag(0,0,1) S123: symmetrization operator
g R8=1@8, B8 O 1010 D27 ijk: Levi-Civita symbol

1 81 82 10 10 27

1. vj _abk i U] a_ viyiat
Tr(upuy) | [, wo] [{u, o } | Sijrpl" 1y’ €77 | Sabe il 1y €ije [ {uy “u }bﬁ

2019/3/14 JAEA 15




O(p?) Lagrangian

£8) = ~gars TBIS", S BY) — gup (B[S, Sy T()
4’;\;1&5 Tr(Bs[S*, S*]1,] Bs)_4i\ifd6Nﬁ(BG[SH’SV]BG)Tr(f:V
2’3}‘18 Tr(BL. f,BE.) — %ﬁ(gg*Bg*)ﬁ( i
izlfzrﬁ.(B?, e s'/]Bﬁ)—zzj\Z1 Tx(Bg* f, 5" Bs)

f3 *U F+ v f3 D* L QU 4
i Tr(Bg F,5" Be) — iyt Te(By"'S” Bo)Tx(f;,) + He.
V3®3=1@®8and6 R®6=1H 8D 27.

et d2,5,8: 8 ® 8 — 1, d3,4,9: 1 ® 1-1

V3i®6=8@ 10

e only couples with

e The leading order tran5|t|on Bg/BY. — Bz arises from the the dynamics of the
light quark sector.

v the O(p?) Lagrangians with y, JTr(ngJrBG))\; O(p?) radiative decay amplitudes.
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O(p?) Lagrangian

(2) W2 B, N+ By M8 B ron anp.
LY = —gar, Tr(BalS", $"1ff, Ba) — o - Tr(Bs[S*, 81 Ba) Tx (£,
id = ~ id _
—aazs TE(BelS", S“1ff, Be) = 530 Tr(Bo[S", 8”1 Be) Tx(f,
idg e idg LO Magnetic moment
" OMn Tr(Bg. f Bg-) — IM N Tr(Bg. Bg.)Tr(f1,) NNLO radiative decay amplitude
2 f i . Ja Brh F+ g
My —=Tr(B3f/,[S",5"]Be) oary Tr(Be" fu, S Bs)

f3 *U F+ v f3 D* L QU 4
i Te(B3" f,5" Bs) — igyre TN(BS 8" Bo) Tr(f1,) + Hee..

V3i®3=1P8and6@®R6=1PH 8D 27.
’d2’5’8:8®8_)1, d3,4,9:1®1—)1

NNLO Magnetic moment
LO radiative decay amplitude

V3i®6=8@ 10

e only couples with

e The leading order transition Bs/ Bs. — Bz arises from the the dynamics of the light
quark sector.

v the O(p?) Lagrangians with y, JTr(BgXJrBG))\; O(p?) radiative decay amplitudes.
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O(p?) Lagrangian

The double 7 vertex: contribute through the O(p*) t ;

loop diagrams. S
For the magnetic moments: §
(c)
d _ d _
Lils = g Tr(BalS", 8w, un]Bs) + 3 - Tr(Bo[S*, 8" [un, ] Bo)
d _
1 TrBG [w, w] B )
For the radiative transition:
(2) ! >3 v az D v1.b ..a ntJ
as — v a4 — a vii
+M—NTr(BgS“'['u,u, uy|Bg+) + M_NTr(BﬁabS“uguujuBG*J)
+-25 Ty(BeS*[uy, uy) BL.) + Hec..
My

v Tr(Bs[S*, S"]{u,,u,}Bs) vanishes due to the antisymmetry of the
Lorentz indices pand v.

2019/3/14 18



O(p?) Lagrangian

The Lagrangian at O(p®) contributes through the O (p3) diagrams.

n . v
Egi - SN2 Mg (1/)3V>\ UWD)‘l/)s) + WTT@%V,\ V’Y)"Ys’tD“Tl’e*)
N
b2 Ty (wsvxf YysiD M pg.) + + Ty (%fo Y y5i DHapg. )
8M % Mg~ v 6/ 8M2% M- v 6*
____ZZEg____ H A 7?L1 +~ Am 2 DMK,V
+8M]2VM6 (Qpﬁv/\f v 75?’D wﬁ ) 8M12VM Tr['(PGVATI'( y)’)’ ’YSZD 1/)6*]
Mg R
+W Tr[thTe(Vaf,h, )7 151D g.] + Hec..

J/ N, Ny, mo, and my terms contribute to the G; = Important for M1 transition
e cancel the divergences of the O(p3) loop diagrams
e be absorbed into the lower order f,_4 and f3 terms

v The nq, my and m, terms contribute to Go = E2 transition

19
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Building Block at O (p*)

TABLE II: The possible flavor structures constructed by two baryons in the O(p*) Lagrangians.

Group representation |3 ® 6 - 83 ®6 > 10|66 > 1|66 — 8|6 ®6 — 27

Flavor structure ngBgca ngBGij Tr(BsBs) | Bi*Bsca | BE°Beij

TABLE III: The possible flavor structures constructed by x4, fu, or Tr(f..) for the O(p*) Lagrangians. These structures
combine with those in Table II to form the Lagrangians according to group representations: 8 ® 8 — 1, 10 ® 10 — 1,
27®27 — 1 and 1 ® 1 — 1. The three { } in the third or sixth rows correspond to L3s, L3¢+ and Lge+, respectively. The
“ab.f;” means that the LEC can be absorbed by f;. And {—} represents that the corresponding group representation does not
exist.

Group representation 1®1—1 18— 8 8®1—8 8x8—1
Flavor structure | Tr(x)Te(f5) | Te(xs)f (L) | T fh)
LECs {=H=}Hab.fs}|{ab.f2}ab.fsHab. fu} | {c: Hh Hu H {=H—Hab.fa}
Group representation| 8 ® 8 — 8; 8® 8 — 8 8®8 — 27 8®8— 10
Flavor structure Der, ) O+, Fil} e e | a3
LECs vanishing {c2}{h2}{ab.l,1} {—H-Hl2} | {esH{hs}{-}
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O(p*) Lagrangian

The Lagrangian at O(p*) contributes to the O(p*) tree diagram.

For magnetic moments:

’1:82 '1:83

(4) — > v + ab v
‘C — _4MNT‘I‘(BG[S“’S ]X+BG)T\r( p,u)_ 4my (B6 [S“ S ]{X-H B6z])
o T Bl x4 BTG + ot Te (B (e T Vb B
4mN uv 4m 'J uvJab

For the radiative decay:

4) _ c2 e r 7ab. i
L:B»-y - 8mN )'I‘r( Ij-V) + 8mN T‘r(¢3{x+’ f;l/}o.lll/'(pﬁ) 8 O-[J,l/w(iij)
ih - ) ihe - )
ily ily

Tr(Yex+Vu¥s¥6-) Tr( ) — Tr(Pe*{x+ £ Yo a5 ¥6-4;) + Hee..

8mN
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U-spin symmetry

v In the U-spin transformation, d «+» s, d < §
okt Ko KO

o =+ =0 =0 OO0 0 y+ =+ —=’0 —=’0
AT < ETE & E,Q X, YT <2 and &7 & =

C C C

/
P—
e

v/ Inthe neutral decays Z° — Z0v and 20 — 20y

C

e The contributions from s and d cancel out in the SU(3) flavor

symmetry
*Their decay widths totally arise from the U-spin symmetry breaking

effects up to NNLO

v’ Up to NLO

Gr1(ZT 5 ) + Gan(B2° = 2%9) = 2Gum1(ZfT — £F~). | Holds up to NNLO
Cui (Tt 5 ZH ) +2G11 (B0 5 E%9) = G (B0 = %) + 2Gun (BX - E 1)
= Gu1(0° - Q%) +2G M1 (T - 7).
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LECs: Heavy quark symmetry

e The superfield:
1
L _ e (A H
y# = B, \/;(’Y +v)%5Bs  Cheng, at.al PRD 49, 5857;

_ _ 1._ Wise PRD 45, R2188;
Y, = Bg. + \/;3675('7’# + vy)

e The Lagrangians in the heavy quark limit:
LiThss = i3 T FL") + $ €uas Tr(H f*Pv” By),
Lop = 7 Tr@ o) Tr(F4F),

ds = —3k1, dg = —2Ky, f3= 4\@51,
fa=8k2, fo= %I‘éz,

_ 8 _ Fo_ 1
de = 3R3; dg = —4K3, f3 = —ﬁﬂs-
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LECs: Heavy quark symmetry

Double 1T vertex
’I,FL a v
Lins = e Dt w}) + 3% P Te(Bslug, wupto)

7”4"’6 cTHY 7
+ —TI‘(B # puzu _]V,UP??Z) J)

My
= —2\[1‘64, ds = 2k4, d7 = Ka,

_ _ 1
a3 = 2K5, Q1 = 4\/;/%,
— | =9 1
a4 = 4Keg, A2 = §’€6-

The O(p*) Lagrangian reads
('Sbab{X+a u}” ) + —'PI'('(p X+0“V¢)\) ( ; )a

8\/>’£77 83 = h:77 88 = 4573

l = —32 K,g, S92

’LK,7

£(4)

__ 8 _
= 3Ks, S7 = 8Ks.

The LECs are reduced to x;_g, n1, m; and my in the heavy quark limit.
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Lattice QCD

e The magnetic moments from the Lattice QCD.

Hes o Po'+ p=ro DAr— P=ro_z0,
0.235(25) | 0.192(17) |0.315(141) |—0.599(71)| 0.729(103) 0.009(13)

Pt o Hero Koo Gm1(Q:° — Q29)
1.499(202) | —0.875(103) | —0.688(31) | -0.730(23) | G%,, (0) = 0.671| G5, (0) = 0.145

H. Bahtiyar et al. PLB 747, 281 K.U. Can et al. JHEP 1405, 125
K.U. Can et al. PRD 92,114515 H. Bahtiyar et al. PLB 772, 121

e Many common LECs for the magnetic moments and the radiative decay
amplitudes.

e The magnetic moments from the Lattice QCD == [ECs == T
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Numerical results

Bs — Bs7y :one unknown LECs k, up to NLO.*— pu(E

Bf. — Bsvy :k, and nq(contributionc M' — M = 0).

(=L —2%) and I'(E2° - =%) :loops (a) and (b).— Independent of

~ the input
o p=pttpd, M=M'4M? <—— fi, and Tr(f])
e Bs — B37:only light quarks contribute.
Channel B k) I' (keV) Channel ,u; I'(keV)
O(p) O(p*) Total O(p) O(p®) Total

St 5 Afy [=2.70 1.32 —1.38+0.02| 65.6+2 ¥p =AYy |-2.70 1.33 -1.37|108.0 +4

=+ 5=ty =270 1.97  073%  [543+033 EL—E)y [-2.70 1.95 -0.75 [13.0£0.8

=0 ,=29% | 0 0.22 0.22 0.46 =, =Sy | 0 021 021 1.0
S 5 AFy| 391 —1.91 2.0 161.6+5 %> A0y [3.85 -1.89 1.96 |142.1+5
=Xt 5 =ty | 3.88 —2.83 1.05 21.6 + 1 =0 5 =)~y |3.84 -2.78 1.06 [17.2+0.1
=0 , =% | 0 —031 —031 1.84 =T 5,y 0 —0.30 —0.30] 1.4
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Numerical results

For the transition Bf. — Bgy,

e E2 transitionoc M' — M = 0

e |[n the heavy quark limit, only the M1 transition contribute.

HQS
e The unknown LECs up to NNLO : L) Hl,@h K7 and

The heavy quark contribution

e The errors:
v lattice QCD simulations. ====p errors on k;

v the error of the order 10% for heavy quark symmetry === errors on d;
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Numerical results

The convergence works well.

2019/3/14

O(p) O(p*) O(p*) Light Heavy Total lattice QCD
plee | 191 074 039 157 -0.07 1504032 | 1.499(202)
s+ 048 -0.26 0.12 0.33 -0.07 0.26 &= 0.09
pso |-096 022 -0.16 -0.90 -0.07 —0.97 +0.14|-0.875(103)
pl., | 048 011 001 039 -0.07 0.32+0.09 | 0.315(141)
p=o |-0.96 037 -0.19 -0.77 -0.07 —0.84£0.17 —0.599(71)
“;28 -0.96 0.52 -0.19 -0.62 -0.07 —0.69+0.19| —0.688(31)
P+t 287 —1.11 0.59 235 0.21 2.56+£0.46
Pyt 0.72 -0.39 0.17 0.50 0.21 0.71+£0.13
s x0 —-1.43 032 —-0.24 —1.35 0.21 -1.1440.20
p=x+ | 0.72 —0.16 0.02 0.58 0.21 0.79+£0.12
Pz o —1.43 0.55 —-0.28 —1.16 0.21 —-0.95+0.24
uio |—1.43 078 —0.29 —0.94 0.21 —0.73+0.28 —0.730(23)
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Numerical results

The convergence works well.

Channel Gan pe—e(pun) | T'(keV)
O(p) O(p*) O(p*) Light Heavy Total lattice QCD [6]

ittt 525 y14.36 -1.69 0.90 3.57 —0.15 3.434+0.7 1.07 £ 0.23 | 1.20+0.6
it 5 2fy 1109 -0.60 027 0.76 —0.15 0.6140.2 0.19 £ 0.06 {0.04 +0.03
¥ 5 %% 218 049 -0.37 -2.06 —0.15 —2.204+0.3 —0.69+0.1 [ 0.49 £0.1
=t 5=y 115 -0.26 0.04 0.92 —0.15 0.77+0.2 0.23 4+ 0.06 |0.07 +0.03
=50 529y 229 0.89 -0.45 -1.85 —0.15 —2.00 + 0.4 —0.59 £+ 0.12| 0.424+0.16
Q0 - Qv [-2.39 1.31 -0.48 -1.56 —0.15 —1.714+0.5 —0.816 —0.49 £0.14[0.32 £ 0.20
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Numerical results

Light Heavy Total Light Heavy Total

pyy 157 =002 155 |pg.s 235 —0.06 2.29
pso  0.33 —0.02 0.31 |pge0 050 —0.06 0.4
fy- —0.90 —0.02 —0.92|pg— —1.35 —0.06 —1.41
pero 039 —0.02 0.37 |pzo 058 —0.06 0.51

- =077 -0.02 -0.79|p=+- —1.16 —0.06 —1.22

po- —0.62 —0.02 —0.64 Har- -0.94 —0.06 —1.00

TABLE XII: The transition magnetic moment and the decay width for the transition By. — Bgy.

16* —6 Light Heavy Total ['(eV)

St = SFy 111 0.06 1.1740.22 '+ 20
05 8y 024 0.06 0.30+0.06 | 3.0+1
YT =¥,y —0.63 0.06 —0.58=+0.1]10.3+4
=0 5= 0.27 0.06 0.33+0.06 |1.5+05
= 5 Z, 7y —054 0.06 —049+0.1| 82+4

Q" —-Q,v —044 0.06 —0.38+0.13|30.6 £ 26
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Numerical results

TABLE XIII: The decay widths of the charmed baryon transitions from different frameworks, the lattice QCD [6, 7], the extent
bag model [20], the light cone QCD sum rule [53-55|, the heavy hadron chiral perturbation theory (HHChPT) [11, 56|, the

HBCHPT [13] and the quark model [23].

I' (keV) This work 6, 7] [20]  [53-55] [56]  [11]  [13] (23]
Tt o Aty 65.6 74.1  50(17) 46 164 60.7+ 1.5
=t 5 2y 5.43  5.468(1.500) 17.3 8.5(2.5) 1.3 54.3 12.7+1.5
=0 5 =0y 0.46 0.002(4) 0.185 0.27(6) 0.04 1.2 +£0.7 0.02 0.17 £0.02
ot o Aty 161.8 190 130(45) 893 15144
Zxt o5 2ty 21.6 72.7  52(25) 502 5443
220 5 2% 1.84 0.745 0.66(32) 5.1+£2.7 0.36 0.6840.04
St o ot 1.20 1.96 2.65(1.20) 11.6

it = Bty 0.04 0.011 0.46(16) 0.85 0.14 4 0.004
520 o By 0.49 1.41  0.08(3) 2.92

=t =ity 0.07 0.063 0.274 1.10

=20 =0, 0.42 1.33 2.14 3.83

Q0 — Qy 0.32 0.074(8)  1.13  0.932 4.82

[6,7] PLB 747, 281, PLB 772, 121;
[20] arXiv:1803.01809;
[53,54,55] PRD 79, 056005, EPJC 75, 14,PRD 93, 056007;
[11,56] PRD 79, 056005, PRD49, 5857;
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[13] PRD 92, 054017 (2015);
[23] PRD 60, 094002;
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Numerical results

TABLE XIV: The decay widths of the bottom baryon transitions from different frameworks, the extent bag model [20], the
light cone QCD sum rule [53-55], the HHChPT [11] and the HBChPT [13] .

I (keV) This work [20] [63-55] [11]  [13]
9 — Ady 108.0 116 152(60) 288
=0 — Z0y 13.0 36.4 47(21)

= o 5y 1.0 0.357  3.3(1.3) 3.1+1.8

Y9 = A%y | 1421 158 114 (45) 435
0 - 2y 17.2 55.3 135(65) 136
T - 5y 1.4 0.536  1.50(75) 4.2 +2.4 1.87
St o3y 005 0.11  0.46(22) 0.6
¥i0 5 B0y [3.0x 107% 8.3 x 1072 0.028(16) ...  0.05
T =3y | 0013 0.0192  0.11(6) .. 0.08
=0 5 5% |[1.5x 107®  0.0105  0.131

=T 52,7 y(82x107%  0.0136  0.303

Q- = Q,v| 0031 91x107% 0.092

[20] arXiv:1803.01809; [53,54,55] PRD 79, 056005, EPJC 75, 14,PRD 93, 056007;
[11] PRD 79, 056005, PRD49, 5857; [13] PRD 92, 054017 (2015);
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Summary

e The analytical expressions of the radiative decay amplitudes up to NNLO.
v' B¢ — Bsy, Bi. — B3y and BE. — Bgy
e The numerical results up to NLO for
v' Bg — Bzy and Bj. — Bsy
e The numerical results up to NNLO for B{. — Bgy
v’ The magnetic moments
v/ The radiative decay width
e The electromagnetic properties of the other systems
v' The heavy meson
v The exotic states

e The chiral extrapolations.
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Thanks for your attention!
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Backup slides
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Building Block

U DU X D, x
Chial VaUV/ VaD, UV} VaxVi  VeDuxV{
O(pn) 0 1 2 3
P Ut (DHU)T X! (DHx)!
cC U (D, U)T x* (Dux)*
C Ut (D,U)T X! (Dux)"
TM lM ii iL
Chial  Var Vi +iVed Vi Vil Vi +ivio Vi VefEvE  vifhv)
0(p™) 1 1 2 2
P e r L R
CC __lgw __TZT __( ;Ly)jj o jﬁr
C Ty L o )

2019/3/14

Parity (P), charge conjugation (CC), conjugation (C)
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Building Block

uu Vu X+ X— /;t/ u_l/
Chial 1 1 2 2 2 2 0
n
0(§ ) —ukt Vﬂ X+ —X- f_H“/ T ,u_l/ DH
T T T T T =T T
cC w, Ve o oxy o xo —fu —fa. =D,
C UL V. X+ —X- :;/ il —D,
Y5  Yu o VY5 o gt ertre
Chial 1 0 0 0 0 0
n
0 (|}DQ ) —Y5 fyﬂ —Yu Y5 O v Juv —€uvpo
cC Y5 Ve WV om0t gt e
C —Ys  Yu @ WY o gt erre

Parity (P), charge conjugation (CC), conjugation (C)
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