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Summary



Motivation

Weak decays of heavy mesons and baryons carrying a bottom and/or a charm
quark are of great interests and have been studied extensively on both
experimental and theoretical sides.

Experiment Measurements Theory
Rare decays == New Physics Quark model
We know little about
Branching fractions Sum rules  QCD at low energy
pQCD
CP asymmetries HQET Not suit for charm quark
Polarizations SU(3) analysis

¥

Dynamic independent !



IRA: Write amplitudes

AT D, (He) ' PLP} + CT Dy(He)V" PIPF + BT Di(He )Y PFP} ...



SU(3) analysis for D to PP

SU(3) representation for hadron states:

(D;) = (D°(cu), D" (cd), D} (c5)) 3 representation

KO——K

Including octets
and singlet

Mixing angle:
n = cosfng + sinOny,

/

n = —sinfng + cosOn;.




Cabibbo-Allowed operator:

C

Doubly Cabibbo-Suppressed operator:

It has the same form except the inclusion of Cabibbo angel

(H6)§1 = —(Hfi)é2 = —sin” Oc, (Hﬁ)gl = (Hﬁ)}f — —sin?f¢



SU(3) analysis for D to PP (IRA)

Cabibbo-Suppressed:

For charm decay the 3 operator vanishes since: VedVi, = —VesViiy = Va Vi = =V V5

Y

Y

d

Va]

(He)3' = —(He)3®> = (He)z” = —(He)3' = sin(fc),
(Hi)3' = (His)3® = —(H15)§2 —(Hiz)3" = sin(bc).



SU(3) analysis for D to PP (IRA)

Irreducible representation tree amplitude:
A4 = AréFDi(Hﬁ)E:j]P}sz + CgDi(HG)gfl]Pszk + BgDz’(Hﬁ)EﬂPfﬂl
+ AL Di(H), "' PP + Ol Di(Hys) ™) Pi P + B Di(Hys),”) PP

A= ‘/cs/d f:d/SATIJ,RA

Cabibbo-Allowed channels:

VeV IRA
DO & At K- AT 4 AT + T 4 OL There 1s one redundant
D0 KD (AT — AT, —CT + Ch) /v degree of freedom !
D° K, (—AF + AL —2BT 1+ 2BE — CF +CL)/V2
D° = K7, —AT + AT, - B + BY Ci'=Cf — A}
Dt 5 71TK’ 207 T T T
DY = 1tn, V2 (A§ + Als + B§ + Bi5) Bg' = Bs + AG
Df — ', B§ + Bis + C§ + CT;

Df - KtK' AT + AT, —oT 4+ OL




SU(3) analysis for D to PP (TDA)
In some literatures there’s 4 topological diagrams:

0% 0% ' /Q,
T C u c
(a) (b) (d)

However, we have 6 IRA amplitudes. One may wonder whether these 4
diagrams are equivalent IRA?

We discovered two missed diagrams:



Amplitudes for D to PP

IRA TDA
<A;Ag;A{SC+TC+gc+T?;TSﬁ (C - ;;\/5 Ves Vi A LDA
D K'ny (AT 4 AL 25T 125 CL 1GR3 (CromiamivE T As = A5 = Co — Cis BT
D= o, AT+ AT, — BT 1 B, E: 15 D° — 707° AT — A%, — CF + CF C-E
Dt S K’ 20T C+T D° — 7%, —A§ + Ay — B§ + Bis $+E
Df = 7tng V2 (AT + AT; + BY + BE) V2 (A% + A) DO — 7, (-B§ + Bl — C§ +Ci5)/V2 (C+E¥/V2
br o Be o+ Bls + Co +Chy AT D° - K*K- —AL + AL+ CF + O E+T
Dy = K'K As + 415 = Cs +Cis A+C D° = nama AT — AT {2BT 2B + T — O _C—_2E%—E
D° = ngms (-B§ + Bis — C§ + Cf5)/v2 (C+EY)/v2
Cabibbo-Allowed D° = n.1ms A + Al — B + Bis s+E
Dt — atxf V2C; (C+T)/V2
) Dt — rtn, —V2 (A§ + Afs + B + BT + C%) —(2A% +2A +C+T)/V2
Cabibbo-Suppressed =% 5 .7, —BY — BE — CF + % C— A%
Dt > KTK' —AY — AT 1 oF +CF, T-A
. Df -5 7tK° At + A%, —cf - cf; A-T
Doubly Cablbbo—Suppressed Df - nOK+ (AT + AT, — ¥ + CL)/V2 (A +C)/v2
Df — K*tn, (AY + A%y +2BY +2BL + ¢ — k) /V2 (2A% + A —C)/V2
/ D — K*n, A + AL, + BY + BY, +20% C+A+CH+T
VeaViss IRA TDA .
50—, 200 AT AT~ T+ TV C_ BV We always find terms like:
D° 5 Kt AT+ AL+ T+ of E+T T+E C -E
D° — K%, (—A§ + Als —2B§ +2Bf; — C§ +CT)/v2  (C+2E%+E)/V2 ’ ’
D° — K, —A§ + ATs — Bf + B ¢+E T_A:(T_|_E) _(A_|_E)
Dt - 2tK° AT + AL, —cf + CL A+C ?
D* 5 K" (AT + AT, — CF — Ch)/\2 (A-T)/V2 A+C=(A+E)+HC-E)
Dt - Ktn, (AY + ATy +2BY + 2B 4+ CF + CH)/vV2 (24% + A4+ T)/vV2
Dt - Kt Af + ATy + B + BE; LA .
Df - KtK° 20% C+T
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TDA also contain a redundant degree of freedom.

It’s coefficients correspond to IRA coefficients one by one:

AL —E¢+A—FE
o 2

’qg:T—C;A+E

T _ T _ T _
A15 - ) BlS_ ’ C'15_

The inverse relations are what we expected:

T+E| = AL+ +CL,|C-El=-AL, —CiFf +CL, A+ E|=2A%,
AL — E = —AL. + B + BL, |E4+ E|= AT, — BT + BZ.

The TDA analysis must be equivalent with the IRA analysis.



SU(3) analysis for D to VP

It’s almost the same as D to PP. The IRA amplitude is doubled:

.A{LRA — Ag’lD ( )1.7 Plv'l +AT2D (HG)[ZJ]VlPl + Cg’lD (HG)[Jl sz'l _|_C’él’2D ( )[Jl]val
= +B{"Di(He);" PPV + B> Di(He) 'V} P + AT} Di(His) [ PIVE + ATZDi(Hs), 7'V P
k} pi k}yri ) i
+CT Di(Hys) 7 PIV{ + CT2D;(H5) P Vi Pl + BY Di(H) 7 PEV! + BI2D;(His) P VP,

While the independent topological diagrams remain the same:

T ! ! C u! !
(a) (b)




SU(3) analysis for D to VP

Some useful relations for decay widths:

Cabibblo allowed channels:
(D} — p™nY) =T(DF — p7nT)

Singly Cabibblo suppressed channels:

(D% — ptn ) =T(D° - K*"K~), T(D°—pnt)=T(D°— K* K1),
(D" —» KK =T(D} - ptK°), I(D* = K K+)=0(D} - K*7+),
(D° - K K% =1(D° —» K*'K").



Charmed baryons with two light quarks can form an anti-triplet or a sextet.
Most members of the sextet except 2. can decay via strong interactions or
electromagnetic interactions.

Tc:

+1




SU(3) analysis for Tc to TS P

We can find 7 topological diagrams:

Rv/
O'H HAO

(a1, a15) (ag, aip) (ag, as, ag) (4, Gg, a1o)
c
M C

(ar, as, a11) (@19, G13, G14) (@17, G1s, G19)

There are more than one (TS) 5
amplitudes corresponding to “J

one topological diagram. . .
Totally 19 amplitudes. nor antisymmetric

Neither symmetric 9



SU(3) analysis for Tc to TS P

However, we have 10 IRA amplitudes:

ALRA = AT(T.3)i(He) ™ (Ts)] P + BY (T.3)i(Hs) ™ (Ts)L P} + CF (T,3)s(He) " (Ts)] P}
+ EJ(T.3)i(He)P™ (Ts)i P} + DY (T.3)i(He){ ™ (Ts)s P + ATy(T.3)i(His){™ (Ts)L P}
+ BI(T.3)i(Hys) ™ (Ts)4 P} + CT(T.g)i(Hrs) ™ (Ts)] PL+ Ef(T.3):(His) ™ (Ts) ' P
+ DIy(T.a)i(His) ™ (Ts)} P

Also with one redundant degree of freedom:

AT = AT + BY, BF'=BF -cF, ¢I'=cf -EF, DI'=CF + DY

Equivalent ?

TDA with IRA with
< eesss——

19 amplitudes 10-1=9 amplitudes



SU(3) analysis for Tc to TS P

TDA must be equivalent with IRA and the relations between them are:

(@13 — @14 — @17 + Q18 — 2a19) ,

1, _ _ _ _ _
5((16—084-&10—@11—a13+a14),

l\.’)lr—l

_ _ _ T

(a3 — as — 2ag — @13 +a14), Bg =

~ (a4 — @y — @10 + @11 — 2a12), Df =

as — a7 — a0 + @11 ai2 6 —

(2a1 — 2a9 — ag + Gg — @19 + G11 + @13 — A14 + Q15 — Q16 — G17 + Q18 — 2019) ,
_ _ T

(a3 + a5 — @13 — a14), Bis = 5 (@13 + @14 — @17 — G13),

(@4 + @y — @10 — @11), Dis = = (@6 + ag + @10 + @11 + @13 + @14),

NN RN RN RN N
—

(2a1 + 2a2 — G — Gg — G10 — G11 — G13 — G14 + @15 + G16 + G17 + G18) -



Compared with experiment

From SU(3) approach, there is one relation between the different channels:
(A -2t =T} — X07T)

This result fits well with the data:

B(AT — ¥t7%) =1.244+0.10%, B(A] — X%77) =1.28+0.07%



Relation with fitting results

In the paper: C. Q. Geng, Y. K. Hsiao, C. W. Liu and T. H. Tsai, Phys. Rev. D
97, no. 7,073006 (2018) a global fit was conducted, We relate our SU(3)

parameters with these fitting values:

—AT + DI = h = (0.105£0.073) GeV3, —BI + E¥ =a; = (0.244 4 0.006) GeV?3,
—C¥ — D¥ =ay = (0.1154+0.014) GeV?, EZ + D} = a3z = (0.088 £0.019) GeV>.

a1, a2, as, h are SU(3) parameters used in this paper:

T(B.— B,M)=T(0g) HT(O)| Neglected in fitting

T(Og) = a1 Hyj (6)T™(B,),(M)] + agHy;(6)T™* (M)} (B,)]
+ agH;;(6)(Bn)i (M)] T + hH;; (6)T*(By);,(M)]



Summary

In some literatures where TDA method is used, some topological
diagrams are missed. Furthermore, among these diagrams, a redundant
degree of freedom exists.

We have shown that TDA analysis is actually equal to IRA analysis.

For charmed baryon decays, although TDA approach seems very intuitive,
it suffers the difficulty in providing the independent amplitudes. So IRA
approach become more reliable.

We have obtained a complete list of decay amplitudes in terms of SU(3)
parameters, as well as relations between some of them. Most of them are
waiting to be tested by experiments.

All the analysis mentioned above can also be applied to bottom decays,
which are also included in our work.



Thank you for your attention !



