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Motivation

% Heavy hadron decays in flavor SU(3) symmetry:

== The topological diagram amplitude (TDA)
@ H.Y.Cheng and C. W. Chiang, Phys. Rev. D 85, 034036 (2012)
E H.Y.Cheng and C. W. Chiang, Phys. Rev. D 86, 014014 (2012)
B H.Y.Cheng, C. W. Chiang and A. L. Kuo, Phys. Rev. D 93, 114010 (2016)
ww The SU(3) irreducible representation amplitude (IRA)
B W.Wang, Z. P. Xing and J. Xu, Eur. Phys. J. C 77, no. 11, 800 (2017)
B C.Q.Geng,Y.K. Hsiao, C. W. Liu and T. H. Tsai, JHEP 1711, 147 (2017)
B Y.J.Shi, W. Wang, Y. Xing and J. Xu, Eur. Phys. J. C 78, no. 1, 56 (2018)
B W. Wang and J. Xu, Phys. Rev. D 97, no. 9, 093007 (2018)
@ C.Q.Geng,Y.K. Hsiao, Y. H. Lin and L. L. Liu, Phys. Lett. B 776, 265
(2018)
@ C.Q.Geng,Y.K. Hsiao, C. W. Liu and T. H. Tsai, Phys. Rev. D 97, no. 7,
073006 (2018)
@ C.Q.Geng, Y. K. Hsiao, C. W. Liu and T. H. Tsai, Eur. Phys. J. C 78, no.
7,593 (2018)
B C.Q.Geng,Y.K. Hsiao, C. W. Liu and T. H. Tsai, arXiv:1810.01079
[hep-ph]
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Motivation

& Flavor SU(3) Topological Diagram and Irreducible
Representation Amplitudes for Heavy Meson Charmless
Hadronic Decays: Mismatch and Equivalence
B X.G. He and W. Wang, Chin. Phys. C 42, 103108 (2018)

@ X. G.He, Y.dJ. Shiand W. Wang, arXiv:1811.03480 [hep-ph]

= A bridge between topological diagram and tensor contraction is
built in B and D meson decays

= Some new topological diagrams are identified in order to give a
more reasonable topological description of heavy meson decays

1= The equivalence relations between the topological amplitudes
and the SU(3) irreducible representation amplitudes for one type
of decay can be derived by some simple calculations.
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Charm meson decays Model-independent analysis

e Charm meson decays
@ Model-independent analysis
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Charm meson decays Model-independent analysis

Topology = Tensor contraction

# Four-quark Hamiltonian H = ’H,/(O/ qk)(@c)
,, T diagram: TD'H(PY/(P)

0¥
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Charm meson decays Model-independent analysis

Topologies in D — PP decays

% The amplitude in D — PP decays can be written as
ARRY = TD'H(PY/(P)i + CD'H(PY/(P)} + ED'1)(P)K(P)j
+ AD'H(P)(P)j + respiy Hi(PY(P)k + TASD'H}(PY/(P)
+ TP D} (PY(P)f + T-CD')(PY(P) + THAD'H)(P)K(PY,
+ TLSD'H,-/(P)f( )k + TPDH(PY(P)f + T D'HY(PY(P)f
+ TADH(P)K(P), + TQSD’”H/,-(P)j(P)
1= 14 terms. Each term presents one topological diagram.
% Quark loop

T‘LP TQP
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Charm meson decays Model-independen

Topologies in D PP decay

e AL b
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Charm meson decays Model-independent analysis

Completeness

Each term in the amplitude is one topological amplitude.

If all possible contractions are found, all possible
topologies are also found completely.

For D — PP decay, there are 4 covariant and 4
contravariant indices in each term of amplitude. The
number of possible contractions is 4! = 24,

e

10 diagrams: exchanging P; and P> = two contractions;
4 diagrams: exchanging P; and P> = one contraction.

2x10+1 x4 =24.

Simple in Meson decay, but complicated in baryon decay
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Charm meson decays Model-independent analysis

% SU(3) irreducible representation
1l =0 ()~ B)) + ot (S(3a) - Ln(30))

+ € H(6)" + H(15)].

3, presentation:
H(3p)1 = (uu)(uc) + (dd)(uc) + (ss)(uc),
H(3p)2 = (Du)(dc) + (dd)(dc) + (3s)(dc)
1(3p)3 = (Gw)(5¢) + (dd)(5c) + (3s)(5¢)

3 presentation:
H(3¢)1 = (Tu)(bc) + (ud)(dc) + (as)(5c)
7(3:)2 = (du)(tc) + (dd)(dc) + (ds)(5c)
#(31)3 = (8u)(Tic) + (8d)(dc) + (3s)(5¢)
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Charm meson decays Model-independent analysis

s

&)

SU(3) irreducible representation amplitude

il
+c30"H< )k(P)f‘(P) + d{D'H(3 )k<P>< )
1(P)ic + beD'H(B)(PY,(P); + cs D'H(B)ji( PY(P);
1 k

)
P)ic + bisD'H(15)S(PY,(P)]

1= 14 terms
= Completeness
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Charm meson decays Model-independent analysis

Equivalence

as=E — A, bg = TES — TAS, cs=—T+C,

ais=E + A bis = TES + TAS. cis=T+C,
:gE_1A+ TLA aP:_1E+§A+ TQA bt :gTES_lTAS+ TLS
8 8 > 73 8 81 ’ 31 8 8 ’
3 3 3
_ TES TAS TQS l‘:__T _C__TES _TAS TLC
b§8+83+1038+88+8+’
_§ _1 O+es ' TAS QC
ST _C——E+ZA+T dP=——T+ZC+ZE—-A+TY,
Iy =gl —gC—gEtghAtT G=—gl+gC+gE—gA+

% Infact, because the sole difference between these two methods is

weather the tensor operator ”Hfj‘ is decomposed into SU(3) irreducible
representation or not, the equivalence is unescapable, no matter
weather the equivalent formula is derived or not.
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Charm meson decays Independence of topologies

e Charm meson decays

@ Independence of topologies
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Charm meson decays Independence of topologies

Independence of topologies

One of topologies in D — PP decay is not independent
B X.G. He and W. Wang, Chin. Phys. C 42, 103108 (2018)

#(6); can be written as ¢;;#(6)" and two indices /, k are
symmetrlc

e

a6 D"H(B)f(P)/(P)i = asD'e;jmH(6)"(PY,
bsD'H(6 )f((P)jk( P)j = bsD'cjin#(6)"(P)
cs D' (6)f(P)i(P)i = 506 "7 jmDipg H

= o[ Dy H(8)(PY/(P)k — Dy H(6)"" |
= Cs[ — DymH(6)"™(PY,(P)k + Dym/H(6)"(PY,(P)]].

3y = 8s — Ce, b = bg + Cg
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Charm meson decays Independence of topologies

Independence of topologies

Model independent
If quark-loop diagrams are dropped by approximation,
there is still one not independent diagram in the remaining

diagrams.
If we drop the diagrams 755 and T#° but include those
channels with 7 in the analysis, all the diagrams T, C, E
and A are independent.

I g = 8 — Cs, bs = bs + Cs
If those channels with 7); are not included in the analysis,
only three of T, C, E and A are independent.

= 2 D'H(6)f(PY/(P)i = @ DyjmH (6)(P))(P)j

CGD"H(E);}(P)’,.(P);( = —CGDUm]H(E)"m(P)/,(P)L

ds = as — Cs

be b
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Charm meson decays Independence of topologies

Independence of topologies

H(6); = €ji#(6)" and symmetric /, k in #(6)" are crucial.
= specialities of SU(3) group
The decomposition of N @ N is written as

o

OeO=Me H,

Hij = Hjy + Hy

The number of possible combination of antisymmetry /,/
is C5, = N(N — 1)/2. And the number of possible
combination of symmetry /. is

N2 — C%=N?—N(N—-1)/2=N(N+1)/2.

Example: 3®3 =633

be be
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Charm meson decays Independence of topologies

Independence of topologies

% 74 can be decomposed as

= (=l )+ ol (y )
s Example: 323 =8 1 i
% H; can be decomposed as

1
K K / / K / /
Hj H{U}+H[,j]+ N2 —1 {5/' Z(NHIJ_HJI) +9; Z(N%il_Hli)}v
/ /
NeNeN=N(N+1)/2—NaN(N—1)2—N&NaN.

33®3=(603)3=(6®3)2B8x®3)=(1523)2 (63 3).
5 H(6)f = ejiH(6)"
w [fN=4

42424=1006)®4=(1004)0(624)=(36D4)® (20 4).
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Charm meson decays Independence of topologies

Independence of topologies

Table 1: Irreducible representation of tensor 7 if the indies of 7/ are
transformed according to SU(N) group.

SUN) Ni(N+1)/2—-N Ne(N—1))2-N N N
SU(2) 4 0 2 2
SU(3) 15 6 3 3
SU(4) 36 20 4 4
SU(5) 70 45 5 5

N(N—1)/2<N, N>2& NeZ
N=2&N=3
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Charm meson decays Application: classification of topologies

e Charm meson decays

@ Application: classification of topologies
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Charm meson decays Application: classification of topologies

Effective Hamiltonian in the SM

% Effective Hamiltonian in charm decay

&

eff

Z Vig (Z CI(M)OI(M)> — Ve Vb (Z Ci(11)Oi(11) + Cag(p )Ogg(u)>
q=1

g=d,s
Ot = (UaGos)v—-a(G15Ca) v-a, Os = (UaG2a)v-a(G15C3) v_a,

Os= Y  (UaCa)v-a(@q5)v-a Os= Y  (UaCs)v-a(Gsd.)v-a,

q/:U,d,S q/:U,d,S
Os= Y  (UaCa)v-a(@95)via. Os= Y (UaCs)v-a(Gsd.)va,
q/:U,d,S q/:U,d,S
O g —~ m 1 TaGa/w
8¢ = g2 clou(1 4 75)

Cosli) = Casli) + SRAECEH.  Croln)  Cual) ~ S 2Te i

Di Wang (LZU) TDA in charm 22 /52




Charm meson decays Application: classification of topologies

Quark loop

% In general, the quark-loop from the tree operators is absorbed into the
Wilson coefficients of penguin operators

Cos(i) = Cas(u) — 221 5~ Aaga, (2

87TNC q:d,s )\b
o A
Casli) = Caslrr) — 228 S 290y, (o),
8 Ab
g=d,s
1 m2 — x(1 = x){(?) 2
Cl(p, (7)) = [_4/ dx x(1 — x)In—2 ( 5 I — = Ca(p)
0 H 3
R M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Nucl. Phys. B 606,

245 (2001)
> Tree diagram and penguin diagram.

&
=)

¥ J

Redefine: "tree operator-induced diagram” and “penguin

operator-induced diagram”
Di Wang (LZU) TDA in charm
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Charm meson decays Application: classification of topologies

Topological diagrams
V T 7 D< <
% If Oy, are inserted, the ! > “
tree-operator-induced v v ._E. <
topologies are obtained. If . S )

Os ¢ a.re inserted,.the ‘p@ ‘p <0 fm. ._%_1

penguin-operator-induced 7 7
topologies are obtained. ‘)&@Q .>w©<j

% In the SM: 10 tree-operator-induced diagrams,
14 penguin-operator-induced diagrams

% Being consistent with the results of QCD-factorization
@ M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Nucl. Phys. B 606,

245 (2001)
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Charm meson decays Application: classification of topologies

Tensor operators

& Four-quark Hamiltonian 7/ = H/(q'qx)(@/c)
% Tree operators and their CKM matrix

* 2 * 2 * 3 * 3
Vcs VUdH13> cd VUdH12> Vcs VU3H137 cd VU8H127

1 - 1 -
(Voo Vo + VesVus)H(Bi)1, =5 VasVuaH(8)™, 1 (Vog Vo — Vs Vus) H(6)*,

LVVusHB)P, 3 (VaaVag + VioVos) H(15)}1. L Vi VugH (155,
SViaVusH(18 (3 ViaVaor — g Vis Vo) M1, (2 Vi Vos — 5 Vig Vi) H(15)
% Penguin operators and their CKM matrix
- gqubH11, - :bvubﬂgw - :qubH§1-
=3V VuH(3p)1. =V VunH(31)1.

Di Wang (LZU) TDA in charm
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Charm meson decays

Application: classification of topologies

Table 2: Tree-operator-induced and penguin-operator-induced amplitudes
for Singly Cabibblo-suppressed D — PP decays.

S

channel TDA IRA
D° — gtp— )\d(TJr E)+/\+(TLP+2TLA) )\+(23§+d§* %315)+§)\1(a15+c15)
*)\b(PC+PE+2PA+PLP +}1/\_(a6— Cs)
+2P" + 3P 4+ 6P —\p(6P&5 + 2Pal + 3Pdf + Pdl)
DO — 7970 5A(E = C) + A (T +2TH) 5+ (28; + df — 4(ais + cis))
—%)\b(PC + PE 4+ 2PA + PLP 4 2ptA —1—8\17@)\1(815 — C15) + 4%/5)\7(36 — C(-;)
+3PAP 4 6P — L \p(6Pa + 2Pal, + 3Pdf + Pd)
D° — K*K- Ms(T + E) + M\ (TP +2TH) A(2al + df — ais) + gho(ais + Cis)
*)\b(PC+PE+2PA+PLP +}1/\_(a6— Ce)
2P 4 3PAP | 6PAA) —\p(2Pa}, + 6P + Pd! + 3PdF)
DO — KOK® A (E+2TH)— \,(2PA+2TH +BT) A, (2a, + Lais) — \o(2Pa, + 6P)
Dt — K+RO /\dA+)\ST+/\+TLP /\+d§+%/\1A15+1§)\2015* }1/\—(36*06)
—\o(PC + PE + PLP 4 3PQP) —Ab(Pdj + 3Pay)
D;_ — 7T KO /\dT+)\SA+/\+TLP )\+d§+%)\10154_%)\2315"’_%)\7(36_06)
~X\o(PC + PE + PLP + 3P9P) —\p(Pdl + 3PaP)
D} — 70K+ —5(AaC — AsA— A THF) 1

~ L Xo(PC + PE + PP + 3P%)

ﬁ/\"‘(dé — %015) — 8\17@)\1015 + 551%)\2315
+3A-(8s — Cs) — J5An(Pds + 3Pdy)

Di Wang (LZU)
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Charm meson decays Application: classification of topologies

U-spin breaking

% Consider U-spin breaking, the amplitude of D° — KK~
and D — 77— decays can be written as

AD® — KTK™) =
Vi Vis( Tk + Exi) + VigVia(TEP +2TE) + Vi Vs (TEP + 2THA
~ sin 90( TKK + EKK) + sin QC( TerePak -+ 2Ter':ak),

AD® — 7t77) ~ —sinfg(Trr + Err) + 8inOc(TEE + 2T ).

o

KK — nm puzzle, Glauber strong phase
E H.n.LiandS. Mishima, Phys. Rev. D 83, 034023 (2011)

% Testin experiments: D" — K2K*" and D — K2p*
A(D* — K3K*") = sinfc (TS + A% + T5R ),
A(D; — K§p+) — _Sinec (T,g + Ag - T/é,lc‘:)reak)'

Di Wang (LZU) TDA in charm 27 /52
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Charm meson decays Application: classification of topologies

Other application

& Strangeless D decays and charmless B decays
= B meson decay is more complicated
v 7 is not enough
i< Degeneratlon and splitting in topologies vs  Energy level
degeneration and splitting in atomic or nuclear physics

% Flavor SU(N) breaking effect

= Linear SU(3)r breaking in charm decay
@ S. Mijller, U. Nierste and S. Schacht, Phys. Rev. D 92, no. 1, 014004
(2015)
= High order U-spin breaking
@ M. Gronau, Phys. Lett. B 730, 221 (2014)

arxiv: 1812.XXXX
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Charmed baryon decays

e Charmed baryon decays
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Charmed baryon decays

Charmed baryon decays

% Example Bo, — BgM

Aett(Boe = BzgM) =

Ar(Be) 3 MIBs -+ A MBS + Ao ) Pl M]Bs -+ Ad(Bc) i MI B
+ As(Beo) HigMI Bl + Ae(Beg) HjgMiBy 5 + A7 (Beo) M. Bog + Ag(Bec) HyMiBlg
B M + Ao E HMES + Ao G HMES + A G 1M

EeSE2E562es

- ®<5H3: <: _®_<“O | ®<f )

A'l As

Di Wang (LZU) TDA in charm 30/52



Charmed baryon decays

BCC — B 3/BC6M

Wave function for a bound cqq state is V = &gavourXspincolorTspace- 1NE
overall wave function is required to be antisymmetric under the
interchange of any two of the quarks. ¢g.your X spin MuUsSt be symmetric

ox 3

]

Ajj

(q/qj QiQi)C XA, Sj = (q,q,+qjq,)ch

a|4
a|4

where

xl\/z—\/é\(N—H)T% xa? = ﬁ\(m—mw

(DL 5 00

W2 = (T +41) 7 12
+V21), Xs f! 7

W=

0

Topological diagrams in B, — B sM and B — BesM are two
irrelevant sets.
1= octet and singlet mesons: topologies are in one set
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Charmed baryon decays

% There are two e ) T ) e >
octets: symmetric — — —
and antisymmetric I 13 I3
under 1 <> 2 . > . . ) e o )
v — \%(¢SX8+¢AXA) C e C = C e—__

| Iy I s
% Amplitude of |
BCC — BgD |S . ® ¢ ® > & ® ®
U<:: U< w<>
Aeff(BCC — BSD) = < 75 - 75 - 73
1 7 8 9
—[AS(Bee — BSD
\/é[ ff( cc 8 ) ) . ) - - > ) N )
+ Alke(Bee — BQD)}- &) = &) = &) =
7 T T
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Charmed baryon decays

Pati-Woo theorem

The quark pair in a baryon produced by weak interactions is required to be

antisymmetric in flavor.
@ J.C. Patiand C. H. Woo, Phys. Rev. D 3, 2920 (1971)

{00 i(X)7u(1 = 78)13, () Hub, k()Y (1 = 78)0054(x) }
= {0,k (X)7u(1 = 28) 5, (X) Hba i ()Y (1 = 78)0050(x) }-

According to the Pati-Woo
theorem, many diagrams in
baryon decays, such as those
with decuplet in final state.

The Pati-Woo theorem is invalid considering gluon exchange
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Charmed baryon decays

e N PE——
% 4 diagrams o
& 2 diagrams L U
without quark . “
% 18 decay ] v
channels
0. e

(@ C'y
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l, U, V-spin symmetry

# The degree of approximation of /, U, V-spin symmetries
are different

1= Test in experiments
& If all amplitudes relations of three SU(2) groups for one
type of decay are found, all the amplitudes relations of
SU(3) group are found

l.=Ti+iTo, l=T;

, 1
Ui:7_6:|:IT77 U3—§T8—§T3
Vi:T4:|:I'T5, V3—§Tg—|—%7—3
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U-spin symmetry

sin® QAN — p?*o) +sin“0A(ZE — Z*?*O)
+sinfAN, - LK) =0

Brih: — pK™)
Br(\, — £7K*9)

(1.98 + 0.28)%,
(0.36 £ 0.10)%.

(6.00 +2.20)% < Br(=f — TK") < (39.1 £ 6.2)%

AN = TTK0) — A(ZE = pK ) =0

Br(=t — pK") = (1.20 + 0.34)%
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Charmed baryon decays

CP violation sum rules

Acp(N, — A%17) + Acp(Z5 — =°K™) =0,
Acp(Ns — ZKQ) + Acp(ZE — ATKD) =0,
Acp(N, — Z9K™) + Acp(Zf — £°KT) =0,
Acp(Nf — AT 7)) + Acp(ZL — ATTK™) =0,
Acp(Z2 = T 1) + Acp(Z2 — =F"KT) =0,
Acp(Z2 — A°K2) + Acp(Z2 — =9K?) = 0,
Acp(Z0 — T ) + Acp(Z2 — ATKT) = 0.

AY s SHKD) 4+ Acp(EE — pK2) = 0,
N, — n™) + Acp(Z5 — Z°K™) = 0,
=Y ) 4+ Acp(Z2 - =K =
=0 nK) + Acp(Z2 — =°K2) = 0,
=0 Y )+ Acp(Z0 — pK) = 0.

Di Wang (LZU) TDA in charm 37 /52
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Charmed baryon decays

CP violation sum rules

ACP(_++ /\jL +) + ACP( —+K+) 0,
ACP(:CC :+KS) + ACP(Q—|r — /\+KS) 0,
ACP(EJCFC — E(C)K+) + ACP(QJCFC _(c) Jr) = 0.

Acp(Zis = Xin™) + Acp(Zly — Z57KT) =0,
Acp(ZL. — T m )+ ACP(Q+ — X TK7) =0,
Acp(ZL — _*;Ow) + Acp(Q, — Q8KT) =0,
Acp(ZL — Z57KQ) + Acp(Q, — LLK2) = 0,
Acp(ZL — =K ™) + Acp(Q, — =277) = 0.

Ace(Z4 — D) + Acp(Z4 — pD") =0,
ACP(:CC — pDO) + ACP(Qgc Z+DO) =0,
ACP(EJCFC — nD*) + ACP(QJCFC — EOD;F) 0.
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Charmed baryon decays

Summary

The topologies can be formalized as tensor contractions
between hadrons and four-fermion operators.

The sole difference between TDA and IRA methods is
weather the tensor operator is decomposed into SU(3)
Irreducible representation or not.

The fact that some topologies are not independent can be
understood in group theory.

o

The topologies are classified according to which
operators(tree or penguin) being inserted into the
effective weak vertex.
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Charmed baryon decays

Summary

# A self-consistent scheme of the topological amplitude and
its SU(N) decomposition is built. Application: strangeless
charm decay, charmless beauty decay, heavy baryon
decay, flavor SU(N) breaking effect.
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Charmed baryon decays

Summary

# A self-consistent scheme of the topological amplitude and
its SU(N) decomposition is built. Application: strangeless
charm decay, charmless beauty decay, heavy baryon
decay, flavor SU(N) breaking effect.

Thanks for your attention'!
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Charmed baryon decays

Backup: strangeless D decays

5

oY )

(T

oY )

W

For strange-less charm decay, the isospin symmetry is a good
approximation. There are one D meson doublet D' = (D°, D*) and
one light pseudoscalar quartet in the strange-less charm decay:

- a0 gt 1 [ng O
= () 55 0)
Tr \/éﬂ- nq

One probably write down the assemble of tensor operators Hfj‘ as the
effective Hamiltonian of strange-less charm decay. But ”Hfj‘ is not
enough. Tensor Hfj means that all the indices /, j and k must
transform as the foundational or conjugate representation of SU(2)
group. So % cannot contain s-quark loop.

H7, and HZ;: only one index transforms as the foundational
representation of SU(2) group
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Charmed baryon decays

Backup: strangeless D decays

With 7%, s and #HS,

U! sl!
written as

the amplitude in strange-less charm decay can be

AlP%ss = TD'HE(PY(P)i + CD'Hf(PY/(P)k + ED'H)(P)f(P)j
+ AD'HI(P)K(P)i + TESD'HY(PY(P)K + TASD'H}(PY,(P)K
- TEDIPY(PY + TEDHPY(P + TADHY(PY (P,
+ THD'H;( )f( )k + TP DH(PY(P)f + T D'H(P)(P)f

+ TOAD'HI(P)K(PY, + TOSD'H,,(P)j(P)

+TEPDHE(PY(P)K + TECD'HS(PYAP)E + THAD'HE(P)K (P,
+ T D'HE( ),-(P)k+ TP DHE(PY(P)f + TICD'HY(PY(P)]
+TEADHE(P)K(PY, + TQSD'HS(P)j(P)k.
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Charmed baryon decays

Backup: strangeless D decays

& Asan example we write down the decay amplitude of
DO — 7wt
A(D® — 7777) = Ag(T + E) + Ag(TH 4+ 2T 4 Ag(TEF 4+ 2TEA)
— Mp(PC + PE + 2PA + PP 1 2P 1 2pQF 4 4pQA L pOF | o plA)

= The difference of s-quark loop and u/d-quark loop is ignored =
the result in the flavor SU(3) symmetry.

% SU(2) decomposition
2 1 2 1
Ml = of (S0 — SH(@o)) + 0 (5H(2p); — 5H(20);) + HAYf

== The tensor operators #;, and 7, are irreducible representations
of SU(2) group themselves
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Charmed baryon decays

Backup: strangeless D decays

The SU(2) irreducible representation amplitude of the
strange-less charm decay is expressed as

A ess = BD'H(2,)i( PY, (P)f + B3D'H(2,)i( P)§(PY. + cED'H(2,)(P)f(PY,
+ dED'H(2p)(PYJ(P)f + abD'H(2:)i(PY(P)f + byD'H(2,)i( P)k(PY,
+ ChD'H(2))k(P)(PY; + diD'H(2,)(PY|(P)]
+ a4sD'H(4)§(PY/(P)i + baD'H(4)5(PY(P); + caD'H(4)(PY(P
+a,D'1(2)i(P), (P)f + byD'H(2)i(P)K(PY, + c,D'H(2 )(P)f‘( )
+dyD'H(2 )k (PYAP)K + asD'H(2")i( PY,(P)f + bsD'H(2")i( P)K(P),
+c5 D'H(2")k(P)f (P, + dy D'H(2")(PY/(P)f.
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Charmed baryon decays

Backup: strangeless D decays

ar=E+ A, by = TES + TAS, ca=T+C,

2 1 1 2
p=-E— A+ T =—2E+ZA+TH
& =zE—z3A+ T, a 3 +13 + 2,
2 1
t:_TES__TAS TLS :——TES _TAS TQS
b, 3 31 +T by A
1 2 1 2
05:—§T+§C—§TES+§TAS+TLC,
2 1 2 1
p_<cr_ 1 STES _ _TAS | TQC
o 3 SC+:13 23 + :
2 1
T —_C—-E+=-A+ T
% 3. 3(2; 32+31+ ’
d§:—§T+§C+§E—§A+TQP,
dh=T =TS  g=TF &=T7
a/2/ _ TSQA, /2/: TSQS 7 Cé/ _ TSQC 7 d// _ TSQP.
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Charmed baryon decays

Backup: charmless B decays

The charmless B meson decay is quite similar to the
strangeless D decay

Amplitude of B’ —» =7 decay

5

AB’ = 7n) =

Vb Vig(T + E) + Vup Vig(THF + 2T + Vi Vi (TEF + 2T —
Vip Viy(PC + PE + 2PA + PP 1 2Pt 1 2P9P 1 4p@A | pOP o pOA)
The difference of c-quark loop and u/d/s-quark loop is

ignored, the result in the flavor SU(4) symmetry:

AB’ = 75 77) = Vip Vi (T + E) + (VipViiy + Vip Vi) (TEP + 2TLA)

— VipVig(PC + PE + 2PA+ P + 2P 4+ 3P 1 6P,
Equivalence relation of TDA and IRA: H¥, HE., HE,

jj! ci?
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Charmed baryon decays

Backup: degeneration and splitting

. Energy level degeneration and splitting in atomic or
nuclear physics
. Strangeless charm decay:
= |n the flavor SU(3) symmetry, the u, d-quark loops and s-quark
loop are degenerate in charm decays.
v |f the flavor SU(3) symmetry is broken into isospin SU(2)
symmetry, the identical u, d, s-quark loops turn into unequal
u, d-quark loops and s-quark loop.
% Charmless B decay.
w SU(3) — SU(4)
=, d-quark loops — u, d, s-quark loops; s-loop — c-loop
ww SU(2) symmetry in B decays: SU(4) — SU(3) — SU(2)

» K decay: flavor SU(2) symmetry

]

ox ]

0% J

i
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Charmed baryon decays

Backup: linear SU(3)r breaking

Name Dia grams Name s — d difference of topologies denoted by Feynman rule
u
J ™ c s —c d
T c d
ﬁ/(] a/d 5 d
d RN -
c u/d
A
_ a/d
d u T:z(l) (¢} _c
d 5 a/d
d
c | c " c c
- o 4 B
u/d a/d ' _ d
q S
g c a/d . s . d
_ u/d )
u _ Az -
d
c u
l_l/d c s c d
Fa d u/d A _
i/d } a/d : d
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Charmed baryon decays

Backup: linear SU(3)r breaking

C C
5 d
c s c a/d
C (¢
P)rea @ — 6

B S. Mjller, U. Nierste and S. Schacht, Phys. Rev. D 92, no. 1, 014004 (2015)
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Charmed baryon decays

Backup: linear SU(3)r breaking

p(TT,B%u,Amy%%@%
c.cV, ¢ el E ED ED EDL. Poe)

The amplitude of D — PP decay can be obtaned by summing all possible

form that the index 3 is written explicitly and non-repetitive and giving a
parameter for each term:

.A TDA

=TD'H[(P)(P)i + T}’ D”H/s( )7 (P)i + D'H( PY(P)s + D3”H/,(P)(P)i

+ CD'Hf(PY/(P)j + C;"D'Hf5(P), (P)i+ C3 ' D'HF(PY(P)s + C5 D°Hf(PY,(P)i
+ ED'H(P)N(P), + EL DML (PYS(P)} + ESVDHE(P)S(P) + ES D'HI(P)3 (P)S
+ AD'HI(PYS(P)) + AV D3I, (P)S(P)) + AL D745 (P)§(P)L+A D3l (P)3(P),

+ Toea D' HRa(PY(P).

The terms are identical to the topological diagrams one by one.
B S. Mjller, U. Nierste and S. Schacht, Phys. Rev. D 92, no. 1, 014004 (2015)
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Charmed baryon decays

Backup: high order U-spin breaking

# A perturbative method to deal with U-spin breaking
E M. Gronau, Phys. Lett. B 730, 221 (2014) Addendum: [Phys. Lett. B 735, 282
(2014)]
== The corrections of arbitrary order to decay amplitude (f|# | D°)
are obtained by introducing in the Hamiltonian or in the final

state powers of an s — d spurion mass operator,
(mUb)g — (mUb)g = (mUb)g — (mUb)], where d = 1 and s = 2.

= Since The two indices of the s — d spurion mass operator are
transformed as the representation of U-spin SU(2) group, we
can write it as (mUb)f. lts non-zero components include
(mMup); = —1 and (myy); = 1.

w (myp); is a tensor operator
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Charmed baryon decays

Backup: high order U-spin breaking

# Decay amplitude of D° decay

ADRA = AD°H], (M) (MY); + At D°HL, (M) (M“),
+ ADP[ S (Hump Yo i e (M) (M) + AR D[ S (Humfp) B2 <57 (MY (M),
% First ordgr: i
AR = AD°(Hu)(Mu) (M¥); + ALY DO (Hu) (M) (Mu)' (M),
+ Acy D2 (Hy)j(mup)f (M) (MY); + At e DO(H) S (mus)k (MY (M),
% Examples:

A(D® = K~ 77) = cos? 0cA(1 — V) + ey,

AD® = Ktr) = —sin?6cA(1 + &l — D),

A(D® = KYK™) = cos g sinOcA(1 + £\ + ) 4+ 2cos 6 sin AL,
A(D® — 7t77) = —cos b sinfcA(T — ') — V) + 2 cos b sin AL,

@ M. Gronau, Phys. Lett. B 730, 221 (2014)
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