Y FEXALY

SHANGHALI JIAO TONG UNIVERSITY

Flavor SU(3) Topological Diagram and Irreducible
Representation Amplitudes for Heavy Hadron Charmless
Decays: Mismatch and Equivalence

Yu-Ji Shi
Cooperated with: Shanghai Jiao Tong
Xiao-Gang He, and Wei Wang University

2018.6.22




Outline

Motivation

SU(3) analysisof B > PP and B —» VP

Irreducible representation Amplitude (IRA)
Topological representaion Amplitude(TDA)

Mismatch and equivalence between IRA and TDA approaches

Summary



Motivation

The flavor SU(3) symmetry is widely used in two or three body heavy
meson and baryon decays. This method has an advantage of its
independence on the detailed dynamics and can predict relations between
various decay channels.

In the previous literatures, the SU(3) analysis is usually formulated in two
ways. One is derived from the SU(3) irreducible representaion amplitude
(IRA) while another one is derived from various topologiclal diagrams
(TDA).

However, in the literatures these two methods do not match consistently.
Some amplitudes of TDA are missed and some of them are not
independent. In this work we will show how such mismatch occurs and
the equivalence between IRA and TDA.



SU(3) analysis of B - PP

IRA approach

We treat the transition operator b — quiu as the representation of SU3): 3 ® 3 & 3, it
can be reduced into: 3@ 3 P 6 @ 15 , which correspond to 3 tensors.

AS = 0(b — d) (Hz)* =1, (He);”=—(He)i' = (He)5 = —(Hg)s =1,
2(Hyg)1” = 2(Hps)7 = —3(Hip)3” = —6(Hys)3” = —6(Hzg)s” =

AS = —1(b— s) Just change the index 2 <> 3 corresponding to the d <» s exchange.

The B meson and pseudoscalar mesons are constructed by suitable SU(3)

representations: L
B’i — (B_7 BO) Bs)

T M + +
(M) ™ ﬂ_Jg\/g K +\/§ 0 m O
K~ K _1s 0 0 m,



IRA method

Igseducible Representation tree Amplitudes:
A[RA = AT Bi(H3) (M); (M)} + CF By(M)(M)].(H3)* + B B;(Hs)'(M)};(M); + D3 B;(M)}(Hs)’ (M)j
+A§ Bi(He)y (M) (M) + C§ By(M)}(He)}, (M)f + Bg Bi(Hs);! (M)} (M )
+AT;Bi(Hys)d (M)} (M)] + CBi(M)}(Hs){" (M)}, + BI;Bi(Hys)) (M) (M);.
For penguin diagrams, the QCD penguin operators behave as the 3 while the
electroweak penguin operators behave the same as the tree operator.
AJFA = APRMAT — AT, BT — B, ¢ = ¢f, Df — D)

IRA % IRA « (IRA
b — d transition: A = VupViq + VinVig Ay

channel IRA .
e o It should be noticed that these
B~ — m s /2 (AF + 34T, +0F — T + 3C) 10 coefficients are not all
B w71 m 7(2A§ + 6AF{5 + 336 + 9315 + 203 + Cﬁ + 30{5 + 3D3 ) independent. We can dO a
B~ - KK~ AT +3AE, +cf — o — CL .-
g SAT AT £ AT .07 + OF 1307 redefinition to remove a
B° — 70n0 9AT — AT 1+ AT + OF + OF — 505 redundant degree of freedom:
B° — n%ng L(-A§ +5AT; — ¢f + ¢ + CFy) - T T
B’ - % —2(2A% —10A% + 3BF — 15B% + 20§ + CF — 5CF, + 3DF) 06 I — 06 — A6

Bl =B} + Af



TDA method

(d)

Here the transition operator b — qiiu is treated as only one operator H ,icj , where the 3
indexes correspond to real quark flavors.

H? =1(As =0), H3=1(As =-1)
The TDA Halmiltonian is
ATPA = T x By(M)SH] (M)F + C x B;(M):HY (M)f + A x B;H'(M)L(M)f + E x B;H (M)],(M)f

Each term corresponds to a diagram above. But the question is whether they
are complete and independent?



2% In terms of penguin diagrams:
The QCD penguin operators just behave as the 3 representation H'.

1
2. For the electroweak penguin operators, we can use the following trick:

qbZeqqq = gbuu — —qbz_' !
"\

Similar to tree operators behaves as the 3 representaion H*

and is represented by H ,i(j

Where H?=1(as=0)and H3=1(as = —1)

ATPA = P x By(M)5(M)LH" + 8 x By(M);HI (M)§ + Pa x B;H'(M)],(M)%
+Pr x By(M)3H] (M)} + Po x B(M);H,! (M)f.

Complete and Independent ?



Mismatch between IRA and TDA

Actually some topological diagrams are missed in such TDA analysis.

The IRA has 10-1 independent Hamiltonians while the TDA shows only 4

Hamiltonians. To solve this mismatch, some missed topological diagrams must be
added (for tree amplitudes):

TWF%M%W §“<0°>%

ATPA = TsB(M)jH) (M) + TPBz'(M)?(M)?; + TpaBiH{ (M), (M)} + Tss BiH{'(M)} (M)}
+Tas B H]'(M)}(M)f; + Tes B H) (M) (M)5,

) P4 = PssBH'(M)}(M)f + PraBiH] (M), (M)} + PrpBiH]'(M)f (M)}

+PasBiH{* (M) (M)f; + PgsB;H}’ (M)}(M)}.

J

Now the number of degree of freedom are matched between IRA and TDA !
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Equivalence between IRA and TDA

The TDA analysis must be equivalent with the IRA analysis.

To see this we need to obtain the relationship between the two sets of amplitudes.
Actually the TDA coefficients can be expressed as a composition of IRA coefficients :

A 3E 3T4s — Trs 1
1 1 1
D3 =Ts+ §(3C_TAS+3TES - T), : Z(A_E‘l‘TES —Tas), = Z(—A—C+E+T),
A+ FE T T C+T
A{SZ _é_ ) B%Z—ES; AS, Cﬂ:—;—

It should be noticed that among the 10 IRA amplitudes, there’s one redundant degree of
freedom. This redundancy must also happen in the case of TDA amplitudes.

So we have the inverse relations:

T + E =|4AT; + 2C§" + 4CL;, C — E =|-4A%, — 2057 + 4CL,

A+ E =[8AL, Tp — E {= —5A{; + C35 — C§ — C,
H

Tea+ 5f = AT + AL, Tas + E|= 4A%, — 2B +4BL,

E
_ T T T P . T IT T
Tps — E=—4Aj5 +2Bg +4By5,  Tss— 5 =—2415+ B3 + By — Bis, Where we have absorbed

Ts+ E = 4A%, — B — B, + C{F — CL + DY. The coefficient E.



Implication from the fit of B - PP

In the previous work Y. K. Hsiao, C. F. Chang and X. G. He, Phys. Rev. D 93, no. 11,
114002 (2016) , a global fit was performed for B — PP decays in IRA scheme.
For example, the result of two coefficients are:

|C5 | =—0.211+0.027, &5 = (—140+6)°, |BL| = —0.038=+0.016, Opz = (T8 £ 48)°

It seems that |B%|/|C3 | ~ 20% , both contributions are significant.

However, Bl is constructed by two originally missed TDA terms:

So i1t’s obvious that they have non-negligible contributions and cannot be missed.

Furthermore, the one redundant degree of freedom among the 10 IRA amplitudes
means only 9 coefficients need to be fitted.



Implication from CP violation

IRA TDA

B KK 2 (AT + A%)

B’ - KK’ 2AF + AF —3A%L, +cf —cf - L | Tr+27pa |

= T T T , C3 T T 100 -

B — 7878 2A3 +A6—A15+ 3 —Cs +Cl5 §((J+E+TP+6TPA)
oo KK 2AT — AT + AL + T + ¢ +3C%; E+Tp42Tps 4T

B, » KK’ | 2AY + AT — 34T, + T —cf - L | Tp+2Tra |

B- — nens 9AT — AT, + %05 _ 4O L(_20+E+41p +6Tpa)

If these TDA terms are missed, the amplitudes of Channel B° — K°K°, B, — K°K

are only proportional to Vi,V;; which implies no CP violation.

However, from above corrected TDA analysis, they are contributed by 1Tp + 21pa

which 1s multiplied by V,,,V};, and have non-zero CP violation.



D — PP decays

Fhe effective Hamiltonian is:

Cabibbo-Allowed Cabibbo-Suppressed
Hepy = {vcs 1[C105% + C205%) + VgV [C1 094 + CL03]

+VI:sVJs [C107° + C205°] + VeaV5 [C1OF° + C205°1 ],
Doubly Cabibbo-Suppressed

05 = [§'v,(1 —v5)][@’y*(1 — v5)d], O5% = [57,(1 — ys)c][ur"(1 — v5)d]

Cabibbo-Allowed: (He)s' = —(He)3" =1, (Hip)s = (Hpm)s =1 HJ =1
Cabibbo-Suppressed:  (Hg)3' = —(Hg)3® = (Hg)32 = —(Hg)3" = sin(0¢), H3' = —sind,
(H)3' = (Hyg)}® = —(Hp)2 = —(Hi)3' = sin(0c). B3 = sind,
Since VegV*, = —Ve, Vi, — Vo V5 &= — V., V2%, the 3 representation vanishes.
Doubly Cabibbo-Suppressed:
(He)3' = —(He)3* = —sin®0c, (Hiz)s' = (Hip)3® = —sin®0c H2' = —sin?6,



D — PP decays

Eor D decays both the IRA and TDA Hamiltonians are almost the same as that

of B decays. The only difference is that there’s no Hz term for IRA and no H}
term for TDA.

The relations between the two sets of amplitudes are:
1
A{5 = §(A + E)7

1 1

B = 5Tes —Tus + A - E), B{’):§(TES + Tas),
1 1
cil = ;(T-C—-A+E), 0§:§(T+C),

The inverse relations are:
T = AL, +Cr+C,—E, C=-AL, —-C{' +CL,+E, A=2Al, - E
Tgs = —Ais+Bg +Bis+E, Tas = Als — Bg + Bi; —E.



B — VP decays

Eor B decays into a vector and a pseudoscalar, the IRA and TDA Hamiltonians are
almost a double of that of B — PP due to the interchanging of the final two mesons.

A% = A3Bi(Hs)' MV} + C3" Bi(Hs)* M;V] + C3° B;(H3)*V; M + B3 B;(Hz)' M{V?
l?glei(Hg)jM;ka + D32 By(Hz) Vi Mf + A§" B;(Hy)}! MIVF :AstBi(HG)ZjleMlk

Ca" Bi(Hg )| M}Vi¥ + C{*Bi(He)}, Vi M} + By ' B;(Hs);! MV} + B{*Bi(Hq);!VF M|
AT Bi(Hys)[! MIVF + AT2Bi(Hys) VIME + CIi Bi(Hs)!" MV} + CI2Bi(Hys )]V M},
BﬂlBi(H1‘5)ingkW + Bi¢ Bi(Hr: )ZjijMll

+ + +

ALPA o = TBHIMVE + TBHI'VIME + C\B,HY MIV{* + C,BHIV; Mf

Ay B HIMIVE + Ay B, HIVI MF + E\B;H M} V¥ + E, B;HYV] M}
Ts1BiH MIVi¥ + Tsa B, HVIMF + Tp1 B; HI* MV{] + Tps B; HI*ViM]]
TpaBiH{" MV} + TssB; H{' MIV}f + Tas1B; H]* M}V;¥ + Tas2 B H} 'V} M},
7;1BiglijM}ka +?EszB¢E;jlefo

— 4+ -+

Note that There’s two Hamiltonians cannot be doubled because of the symmetric
contraction between M and V.



B — VP decays

The relation between IRA and TDA:

AT = —%(Al + Ay —3E; — 3E3) + Tpa Bg? = i(TEsz —Tas2)
ot = %(31’1 — C1+ 34, — B1) + Tpy Ay = é(Az +Ey)
cr? = %(3172 — Ca+ 343 — Ey) + Ty Alg = %(Al + E1)

By = Tss+ %(3TA5’1 + 3Tas2 — Trs1 — Trs2) cll = %(Tl + C1)

DIt = %(301 —T1 —Tas1 + 3Tgs1) + Ts1 clz = %(Tg + C5)

D;rim = %(302 — Ty — Tas2 + 3Tes2) + Ts2 Bﬂl = %(TA.Sl + TEs1)
Agt = jI(A2 ) BiZ = 1(TAS2 + Tgss2)
A5? = jI(Al — E1) 8

cit = %(Tl - Cy)

ci? = i(Tz —Cy)

1
Bf' = Z(TE81 — Tas1)



Conclusion

Through B — PP decays, we find that in previous literatures where the
TDA method was used some topology diagrams are missed. Furthermore,
there’s a redundant degree of freedom among them.

In this work we correct such disadvantage of TDA analysis and proved
that the TDA analysis 1s actually equal to IRA analysis.

We also show that, according to the previous fitting results, these
originally missed TDA amplitudes have significant contribution and have
non-negligible CP violation effects.



Thank you for your attention !



