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Background of charmed baryon two body decays (CBTD)
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Background of charmed baryon two body decays (CBTD) NANJING NORMAL UNIVERSITY

Branching ratio

Channel Latest measurement in 2022 (%) Experimental data (%) Previous work (%) [14] This work (%) fa — 0.0 1 5 5 :t 0.0040 f g == 0.03 5 6 i 0.007 1
AF ;0 e 1.59 £+ 0.08 [37] 1.587 £ 0.077 1.606 + 0.077
Kfr :fr::b 0.142 + 0.012 [37] 0.127 £ 0.024 0.141 +£0.011 ?5 — _0.0161 i 0.0042 ‘12‘5 — _0.0253 j: 0.0031

0.05627 50246 + 0.0026 [30]

AS= P 0473 40,0082 4 0.0046 + 0.0024 [34] 0484 = 00091 [30,34] 027038 0.0468 0.0066 ga = —0.039 1= 0.012 gg =0.121 +£0.019

Al = Azt 1.31 £0.08 £ 0.05 [33] 1.30 £ 0.06 [33,37] 1.307 £ 0.069 1.328 = 0.055 d
A} - 20gt 1.22 +0.08 £ 0.07 [33] 1.27 + 0.06 [33,37] 1.272 £ 0.056 1.260 £ 0.046 S -
AL :E‘f};" 1.25+0.10 [37] 1.283 + 0.057 1.274 + 0.047 glfs = O- 1 134 j: 0-0074 915 - _0'0387 j: 0'0085

Af - 8°%kt 0.55+0.07 [37] 0.548 £ 0.068 0.430 £ 0.030

Af — TOK+

Ar o Ak 0062 : 0.064 + 0.003 [31,35,37] 0.064 +0.010 0.0646 + 0.0028 b __ fd _
A3 OAIG+00TSL002L003 36 03240043 (3637) 045 +0.19 0.329 + 0.042 / 6 0.0215 = 0.0092 6 0.0138 = 0.0080
C e __
oé;‘a)ffooog?gi gjggéi”;?_%[,?'gﬂ 0.0382 +0.0025 [32,35,37]  0.0504£00056  0.0381 = 0.0017 | ) 0.01 49 + 0.0080 15 — 0 g 0798 == O 0087
B — E0gt 1.6+ 0.8 [37] 0.54+0.18 0.887 + 0.080
5 0.32 4 0.07 [37] 0.334 + 0.065 G.zﬁli&m:ﬁ gis — 0014 :l: 001 8 9‘1?5 — 00209 Zt 00092
o - 0.039 + 0.012 [37] 0.047 + 0.0083 0.0474 + 0.0090
0.054 + 0.016 [37] 0.069 + 0.024 0.054 + 0.016

0.0621 + 0.0044 + 0.0026 + 0.0034 [31]
Af =T 0314 £0.035+0011+0. 5 0.437 + 0.084 [36,37] 15406 0.444 + 0.070
Af > nrt 0.066 + 0.012 + 0.004 [33] 0.066 +0.0126 [33] 0.035 +0.011 0.0651 + 0.0026 gb — gd —
Af - Z°KY  0.048 £0.014 = 0.002 = 0.003 [32] 0.048 + 0.0145 [32] 0.0103+0.0042  0.0327 + 0.0029 6 — 0.240 £ 0.011 6 0067 T 001 4
1.43 4 0.32 [37] 1214021 1.06 +0.20
0.18 + 0.04 [37] 0.221 +0.068 0.188 + 0.039

o S i e - N - 2 i - -
SOV U———— S| ](3) symmetry parameters from fitting (- /d.of. = 1.21}
a Lastest measurement in 2022 Experimental data Previous work [14] This work - o - . =
s 0.18 +0.45 [37] 0.19 041 0.49 +0.20
—0.755 + 0.005 + 0.003 [35] —0.755 + 0.0058 [35,37] —0.841 + 0.083 —0.7542 + 0.0058
—0.463 £ 0.016 = 0.008 [35] —0.466 £ 0.0178 [35,37] —0.605 = 0.088 —0.471 £0.015
—0.48 £0.02 £ 0.02 [36] —0.48 £+ 0.03 [36,37] —0.603 = 0.088 —0.468 £ 0.015
s —0.64 £ 0.051 [37] —0.56 £ 0.32 —0.654 £ 0.050
—0.54 +0.18 +0.09 [35] —0.54 +0.20 [35] —0.953 + 0.040 —0.9958 + 0.0045
—0.585 £ 0.049 = 0.018 [35] —0.585 £0.052 [35] —0.24 £ 0.15 —0.545 £ 0.046
—0.99 £0.03 £ 0.05 [36] —0.99 £ 0.058 [36] 03+£38 —0.970 £ 0.046
—0.46 +0.06 + 0.03 [36] —0.46 + 0.067 [36] 08+19 —0.455 + 0.064
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Background of charmed baryon two body decays (CBTD)

-~
-

='n) ~ [0.193,0.446] %,

=0
I L’ | BN 0_ , ) 29|07
sin@( cosp (2056 + 2a15 + b + bl5 +cg +c15 +dis — 615) /2 B (n“":: — X ?” ~ UO]‘ ]‘b‘ O'O"J"JS] £y
—igl ® 5 — dg : 2 =0 0_ s faleTar N A 4
iy § iy —dy freagl) )50 Br(Z2 = A%) ~ [0.0039,0.0139]%,
sin f(sin ¢ (2ae + 2a15 + bs + bis + c6 + c15 + dis — e15) /2 ‘f. :
—cos ¢ (a6 + a15 — do + e15) /V2) Br fEr — ?‘1?]) [U (}U”UQ 0. ﬂUU{)G] /0.
( — cos ¢ (6as + 6a1s + b + b1s + c6 + c15 — 2d + 3d15 + €15) /(2V/3) "—U_ ._0 P 0
—sin ¢ (—3as — 3a15 — 2bs — 2b15 — 2c6 — 2¢15 + de + €15) /\/6 i Br (‘:‘(r 7 ) 2 0.002 A*
(= sin ¢ (6as + 6a15 + bs + bis + c6 + c15 — 2ds + 3d1s + e15) /(2V/3) BT(EE — EO'U’) > 9 X IU—T.%
+ cos ¢ (—3as — 3a15 — 2bs — 2b15 — 26 — 2¢15 + dg + €15) /V/6) s ,—0 0/ 6
sin? O(cos ¢ (2a¢ + 2a15 + c6 + c15 + d15) /\@ BT(:‘C — A T ) 2 4.8 x 10 3
—sin ¢ (CLG + a5 + be + bis — dﬁ) Br(Eg — ?1??1 } 2 6 % 10—8

sin” O(sin ¢ (2a6 + 2a15 + c6 + c15 + d1s) /V/2
+cos ¢ (as + a1s + be + bis — ds)

There is one parameter a’ still can not be determine.
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The charmed baryon two body decays(CBTD)
Br{A} — pr¥) = (0.0156 ) pocs + 0.002)%,
Br(AtT — pn) = (0.163 = 0.031 & 0.011)%.
Br(AT — pK) = (1.67 = 0.06 = 0.04)%.
Br{=? - :"~r"> = {0.69 + 0.03 £ 0.05 £ 0.13)%,
Br{=" — =%) = (0.16 = 0.02 £+ 0.02 = 0.03)%,
Br(Z2 — ="") = (0.12 £ 0.03 = 0.01 £ 0.02)%.
a(z) — =%") = —0.90 £ 0.15 + 0.23.

Phys. Rev. D 109, no.9, L091101 (2024)
arXiv:2406.04642
arXiv:2406.18083



Global analysis of CBTD in IRA
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The charmed baryon two body decays(CBTD)

<

> SU(3) decompositions in IRA

(Hzls' = —(Hz)y =1, (Hi)' = (Hisky' =1,
Te:r = €:: T IHL|1 = '::Hlf_.::':ls;g = —{Hy5)3" = —l,_ng,}.u;_.' — sin #.
S = (Hz)3' = —(Hp)Y® = (Hp)s? = —(Hg)2 = sin.
(Hs)3' = —(Hg)3" = (Hi5)3' = (His)l5° =sin® 8,
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The charmed baryon two body decays(CBTD)

MIBA — g o x (T.a) i Hg) VN () P

!
= % (Toabi( H-= {1k} T‘.! Pg?
| 7153 X ",_ o3 0 l.. | 5 .J i l'._ 515 I
Foews X (T )i(Hqg) {fj"k} |"‘T;"r}PI Hgle =—tHsly =1, 'le = His); ’
A STV ASACK (His)3' = (His)y = —(Hi5)3" = —(H;5)5? =siné.

Fodis x (T :,l;'.ﬂlrlh lT, "!P’ (Hz)3' = —(Hg)5" = (Hg): = —(Hg)3! —*111":’.
lHﬁl-'l —lH,hI)_ ':::Hl.i::'g = lle,I%;1 :511 H,

SU(3) decompositions in IRA

ers x (Tg)il H) " (Te): P
ag X (L4 k¢ Hg iy lili P
be X (T.3) [i&] (Hz) lijt l'ﬁfl ; F‘j
g X IT 3 I[?L] H—I)”Ll T lJ PI
ff,“, I Fi ; 3 l k] l: H B I {ij} | 1 ,q l } P'," :

+ 4+ + + +
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Global analysis of CBTD in IRA

The charmed baryon two body decays(CBTD)

Br(%) | o |
| AL opr® Jo0156(75)  Joor7asy)] |
(A pKy | 167(7) | [1646(48) |

- ay |  |oass(11)

r(
DEME -
oo\ /d.o.f = 1.28
TAf A" | 129(5) | ~0.755(6) | 1.305(47) |0.7538(60)|

1259(46)

S excluded data

055(7) | 0016) [0z | | —0

revsrrmErsiroEsmm (A — Z° K1) = 0.01 £0.16 4= 0.03

AT oty | 032(5) | —0.99(6) | 0.827(49) |0.9998(33) < —

NESmETTEETGIEETEE S5 (=) — = 70) = (0.069 £+ 0.03 £ 0.05 £ 0.13)%
Af > 2K 00370610 ~0.54(20) [0.0376(18)| 0.9971(36)| C

ETEA DI O predicetion
A orokgloonaa ]| Jossues) |

=F =z | 168 |  lossors)| | OJ(A_I_ N ':OK—I-) —0.960 =+ 0.017

= AKD | 020 | JossGe)] | c = — U. +- U.

= o= ' | 143(21) [~064051)| 117(18) | ~0701(85) | 0 . —0 0

EEurTmEmceT e  Sr(=. — = 1) = (0.153 £ 0.48)%

= woxS[oosae) | [ooseus)| | c

ov Lonw [ Joma[ _ o
Ze — 27" | 0.69(14) | —0.90(28) | 0.153(48) | —0.45(13)

D Need consider the strong phase *

== | 0a29) | Joases) | |
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Equivalence of IRA and TDA in CBTD

The charmed baryon two body decays(CBTD)

k]l 7 \J pl
T S AIRA — AT(T 5);(Hg)™(Tg)! P

+a3T 3 HH (Ts) ju Py

+a4 Tg] H(Ts) jim P"

+asT' Y HF (Tg) juc P2 + a6 TS HE (Ts) jmic PI"
+a; Tc[;j] H*(Tg)iim P" + as T.c[_;;j] HE (To) jmi P
+59Tc[§j]Hikl (Ts)uij P + ﬁloTc[;j] BT Diny B
+an Tc[gj] HM (T g)1mj ™ + a1z Tc[gj] HY(T3)tim P
+an3 Tc[gj] H (T8)m P + ar4 Tg] H (T8)imi P
+ais TC[;j]Hff (T)ikj P" + 516Tc[§j]Hf (T3)iij Py
+ay7 Tc[éj] Hy! (Tg)iw P} + aig Tc[;;j]Hf (Tg)i P’
+aio Tc[éj] HY (Ts)u; P

1 _ _ _ _ _
Ag:E(a3—a5—2a9—al3+a14),
P
Bg = 2 (@13 — a4 — ay7 + aig — 2a9) ,
B
cl = 5(a4—a7—a1o—|-an—26112),
| _ _ _
Dg=E(aﬁ—ag—l-alo—an—013+a14),
1 - - _
El = E(2al—2az—as+as—alo+au-l-als
—ays +ais — aie — a7 + aig — 2a9) ,
1 _ _ _ -
AL = 5 (az +as — a3 — aa),
e
Bls = 5 (a13 +a14 — a7 — alg) )
o e
C15=§(a4+a7—a1o—all)7
| _ _ _
Dl = 3 (as + ag + a0 + a1 + aiz + aa),

1 _ _ _ _ _
E1T5=5(2a1+202—06—a8—a10—au

—ai3 —ais +ais +ae +ayy +a).

+B! (ch)i(Hﬁ)Efik] (Ts)iﬂj
+CI (T ,3)i(Ho) M (Ts)] P}
+Eg(Tc3)f(H6)§jk}(T8)f,— P
+DI (T,5)i(He)y (Ts)’ P
+AT(T,2)i (H ' Ts)] P
+BI5(T,5)i (H) ' (Ty)} P/
+CI5(T,5)i (H9)“ (Ts)] P}
+EG(T,3)i (H)! ) (Ts)', P
+D{5(T.5)i (H)," (Ts)'; Py
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Equivalence of IRA and TDA in CBTD

The charmed baryon two body decays(CBTD)

M= a5 x (To3)i(Hps) VN (TR). P
bis x (T3)i(Hz)d ™ (T5)L P/
c1s X (T.3):( Hr){” }(’T'q ) P{

dis x (T3)i(H5) ™" H(Ts) P
< (T'3); 1H—»“ Y (Ty)i P
ag x (T.3)"™(Hg) iy (To)L P
b x (T3)"™™ (Hg )iy (To )k PI
x (T3) % (Hg) i,y (To)! P
dtj x (T3)tM (Hg) i1 (T)i P

Tglao, a13,a14)

+ + + + + + + +

T7(ay7,a18,a19)



Equivalence of IRA and TDA in CBTD

The charmed baryon two body decays(CBTD)

IIJ[' - f..'l 4+ 45, gy = ft' h', E10, fly =

4

i

LT

|

G“._C“ .3 ":'I.-b_:'p as =

2

e

1 . I
;(h,_,—*u_, + a5 — €315) — 31.‘{'£+u )

’" - T

;1u+u‘l: a1z = Cg Q15 = '—’lbﬁ—dﬁ'f‘t’l:
1. . l g A}

?' —bg — €15+ di5 —L’15.1+I'A_U*'-'f".lf

1 ’ . 1, .

;l hg = €15 + dy5 - e15) = I)'“ +a')),

1. " | \ l.' r .

| —&158 + 018 +Ch +adin) — ql'ﬂ - G|

1 , 1,

;l.—r‘:“, o gy =g 4= tlyx | - \1".4'! - 11

l 5 g f 2 !
; —bs + de + &11), W7 = ;"A_f’n + &1 — bin ),
| .

5\ ' —dh 4 15 ’)lr' ], fliy = u",e“_

la.Z

(—bs — 6 — €15 + dis) + 4‘[" +a'),

form factors

Vector
15 =

= 0.0101(28)

= —0.0100(34)
= —0.0266(78)

VA FFORF

NANJING NORMAL UNIVERSITY

Case I (x*/d.o.f=1.28)
f&=0.0187(40) | f¢=10.0237(36) | f& = —0.0093(37) |f* = —0.003(101)
ff5 = 0.0073(34) |f% = —0.0156(22)
gt = —0.1784(55) | g¢ =0.0878(91) | g¢ = —0.0556(72)

axial-vector(g y
g% = 0.0746(48) | gis = 0.0075(%0) |g% = —0.0219(57)| g5, =0.0189(34) |

vector(f)

axial-vector(g)

f1 = 0.0817(45)
f1s = 0.0409(23)

fi2 = 0.0237(36)
fi3 = —0.024(25)
f1a = —0.048(24)

g1 = —0.1039(86)

915 = —0.0519(43)

g12 = 0.0878(91)
gi13 = 004(11)
g14 = —0.05(11)

f2 =0.0257(50) | fs = —0.0051(14) | fs = —0. fz = 0.0155(33)
fie = 0.0129(25) | fs = —0.002(50) = —0.054(26) | fs = —0.015(25)
fa = 0.003(50)

fir = 0.0272(18)
fis = 0.0365(35)
fi0 = —0.0093(37)

g2 =0.1416(77) | g3 = 0.0133(39) | g« = —0.0401(30) | g7 = 0.0477(86)
g16 = 0.0708(38) gs = 0.03(22) ge = 0.03(11) gs = —0.07(11)
g0 = 0.07(11)

g7 = —0.0557(37)

g1s = —0.00004(564)

g1o = —0.0556(72)



Equivalence of IRA and TDA in CBTD
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=

vector(f)

fo = 0.003(50)

form factors
T, I T3 Ty T5
f1 = 0.0817(45) f2 =0.0257(50) || fs = —0.0051(14) | fa = —0.0082(12) | f7 = 0.0155(33)
fi5 =0.0409(23) | fie = 0.0129(25) || fs = —0.002(50) | fs = —0.054(26) | fs = —0.015(25)

f10 = —0.046(26)

f11 = —0.031(24)

Ts

T7

T\I(h alg)

fi2 = 0.0237(36)
fi3 = —0.024(25)

fir = 0.0272(18)
fis = 0.0365(35)

axial-vector(g)

Ts(a7,ag, ayy)

TI‘{(?]T

.ﬂ|-‘.f1|||:l

T, 75 ~ 0.1 <

Ts(ay2,a13,a14)

fia = —0.048(24) | fia = —0.0093(37)
Ty T T3 T Ts
g1 = —0.1039(86) | g2 = 0.1416(77) | g5 = 0.0133(39) | gs = —0.0401(30) | g7 = 0.0477(86)
915 = —0.0519(43) | g1 = 0.0708(38) | g5 = 0.03(22) g6 = 0.03(11) | gs = —0.07(11)
g9 = 0.01(22) g10 = 0.07(11) g1 = —0.12(11)

Ts

T

g12 = 0.0878(91)
gi13 = 004(11)

g14 = —0.05(11)

g17 = —0.0557(37)
g1z = —0.00004(564)

g1o = —0.0556(72)

Ko rner-Pati-Woo (KPW) theorem

F(T.;— BP)

= fYPHH(6);,; T (BT, +
+79H(6):;(BN)L (PN TH + fo(BT)!

FoH6); THBYL (P +

H(15);" (P")i(Te3);

FeH(8); T2 (PT)L (BT)]
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Equivalence of IRA and TDA in CBTD N NANJING NORMAL UNIVERSITY

*‘41*15 — -"'Ll'Tl — |‘42:15| — 4"._1?3: *‘43:5,9‘ — ‘4'1133
‘441ﬁ,ll:l| — *‘11"_ — |*‘4T,S,ll| — *‘4'11.5:
*‘413:]3,l4| — *"—iTﬁ . |*417,18,l!3| — *‘4?71 *_1 — f.{?

Ts(a7, ag, ayy) Tglaya,a13,a14)
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Global analysis of CBTD in IRA

The charmed baryon two body decays(CBTD)

= A7, Aszss

*‘41*15 — -"'Ll'Tl — |‘42:15
‘441ﬁ,ll:l| — *‘11"_ — |*‘4T,S,ll| — *‘4'11.5:
*‘413:]3,l4| — *"—iTﬁ . |*417,18,l!3| — *‘4?71 *_1 — f.{?

$

o 1. ., 3
ff=—5% M=5fn—Jn fs=3h
A =

rf: = —fr'f' _ fTTf f"g - fTr:. + fT4 ’ f,L: — f‘ Ty
el 3 i - 7 ‘
fo = —5b —Jfr, Ji5=—2fr, — f,

” 3 . P : :
iz = —;fﬁ- +3fr, + 25, + fry + Joss

g7 ; T - .
>3 __ 4 o LG L ’ JLE . .
T7(ay7,a18,a19) Ty(f;) ol 5 g =491, T T~ g = 8T, + 8T — 3 ! 15 = U

‘l f g B & g‘

_ _ gs = —3¢r. —291,. G5 = — 8915 = = + g1 + g1,

fb — le - ng alld gb — _918 _ gTT L S9T 9Ty . 5T g5 3 915 ar
B&

c _ _.L‘.(_:)_V ) >0 a R
95 = 9Te: 95 =397, — 87 + o+ G5 = 9Ts»
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Equivalence of IRA and TDA in CBTD

= A7, Aszss

*‘41*15 — -"'Ll'Tl — |‘42:15
‘441ﬁ,ll:l| — *‘11"_ — |*‘4T,S,ll| — *‘4'11.5:
*‘413:]3,l4| — *"—iTﬁ . |*417,18,l!3| — *‘4?71 *_1 — f.{?

$

N . For _ 1, ; B 3{
=== 1" =5ln—Jn:. Js= 5l
- =

rf: = —fr'f' _ fTTf f"g - fTr:. + fT4 ’ f,L: — f‘ Ty
el 3 i - 7 ‘
fo = —5b —Jfr, Ji5=—2fr, — f,

” 3 . P : :
iz = —;fﬁ- +3fr, + 25, + fry + Joss

g7 ; T - .
>3 __ 4 o LG L ’ JLE . .
T7(ay7,a18,a19) Ty(f;) ol 5 g =491, T T~ g = 8T, + 8T — 3 ! 15 = U

‘l f g B & g‘

. . 'l — — g — 3.. . r r',' = —Ee = —” + g1 + g1

fb — ij[ — ng alld gb —_— _918 - gTT s S9T g7y 15 d15 2 g1 ar
B&

e I S P . > a
95 = 9Te: 95 =397, —97: + 5. G5 = 9Ts,
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Equivalence of IRA and TDA in CBTD

Symmetry breaking

Penguin

¥

New weak phase

f — b —
03,5 = |\UaCq)V—-A E (Q::Q.ﬁ)x--:.-.

g=u,d,s

04,5 — ':ﬁ:fica)l-"—fl Z (’?a%')v;

g=1u,d,s

New physics (0 —> uq_q

% 4 NANJING NORMAL UNIVERSITY

As
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The strong phase of each diagram and possible the CPV NANJING NORMAL UNIVERSITY

Add strong phase corresponding to TDA diagram
18+11-1=28 parameters
e (Re(Ad 1) + Tim(Ad 1) ) = |42]e" e,
e (Re(fd) + 3Tm(8) ) = |fgletoe™
oo (Rel) + Tm(s) + Rel )

Tglay2, a13, a14)

—e'¢ (Re( ) + gIm(fb)),

o (Retrty) + Tm( 72 + Re(12))

T7(ay7,a18,a19)

—e'? (Re(fg) + gIm(fb)) A= f,g, (6)
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The charmed baryon two body decays(CBTD)

i (Re<A3,15> ; Im(Ag,15)) ATt

. 3 o
o' (Re(s}) + 3Tm(ts) ) = [fElei%e

e'P1 (Re(fg) +Im(fd) + Re(fé’))
g 3
—e'? (Re(fé’) — §Im(fb)),
P (Re(f{}) + Im(fis) + Re(fg))
—e'? (Re(fé’) -+ gIm(fb)) A= f,g,

Cabibbo-allowed and doublely
Cabibbo-supressed processes

global phase.

Determine the strong phase by |

Determine the weak phase by
Cabibbo-supressed processes

« |n SU(3) symmetry, strong phase is

 New weak phase only entry the
Cabibbo-suppressed processess.

=

If there is not necessary
to add the new weak
phase, the fit result of
new weak phase should
equal to zero with its
error.
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The strong phase of each diagram and possible the CPV

The charmed baryon two body decays(CBTD)

Case II (x%/d.0.f=0.597)

f* = —0.0368(84) T, = —0.0119(35) | fr, = 0.0080(92)
=oomi b= oo e toats
f1s = 0.0201(71) | ff; = ~0.0055(65) | fi5=-001820)| |
ft5 = —0.0130(61) N

g* = —0.022(38) | gk =0.035(15) gz, = —0.18(60)
| g8 =00310) | ¢“=01338) | | gr,=0.11(12) | gz, =0.018(52)
oxiabvector(s) [ "0 107021

gl =—000505 | | | [ #=-116))

Using all 35 experimental data Penguin weak phase: 0y = —1.147 & 0.026 [t there is not necessary
to add the new weak

Determine the strong phase by - Determine the weak phase by phase, the fit result of

Cabibbo-allowed and doublely Cabibbo-supressed processes » new weak phase should
Cabibbo-supressed processes equal to zero with its
error.
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The CPV in CBTD
Hors = GF( > Ci0; — ZC‘,Ah )+h...~:.:

1.2
\ 1
I

Different strong phase and weak phase

Br(B. — BP) — Br(B. — BP)
Br(B. — BP) + Br(B. — BP)

Vup ~O(107") pummp Acp ~ O(107%)

ACP = X Siﬂ(gbl — gbg) Si.‘ﬂ(51 — 52)

Our work fb ~ 0(10_3) ‘ Acp NO(IO_S)
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The CPV in CBTD
Gr . o
Heoss = \—ir;( :1::36&01 —gc 20, ) + h.c..
Ourwork — f, ~o 0(10_3) ) /cp~ O(1077)
Prediction
AR TP — 0.047(45), AS T = —0.33(28), AZ 7 KT = _0.39(32)

~ 0.001 ~ (.01
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Conclusion

* An global analysis of CBTD in IRA are given within
chi*2/d.o.f=1.28.

 The equivalence of TDA and IRA shows T1 T2 diagram are
dominant.

By considering the differentence of IRA and TDA in numerical
analysis, we add a new weak phase in our work.

* By determineing the weak phase in global analysis phi=-
1.16(85), we observe that the fit vaule aligns with expectations
for the QCD penguin’s weak phase.
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Back up

The penguin contribution in CBTD

operator in Eq. 2. For the ¢ — sdu operator, the IRA
deCOIIlPOSlthllS in IRA Hamiltonian are
1 g 1 1 i B (Hg)3' = —(Hp)1 = (H15)3' = (H15) P = ViVia, (5
%) - \27 ] ] 2 = 9 = 15)9 = uds ()
§(H15)k — 5 (Hs)y — g(Hs) + o(Ha)y ’ " i

— (HIS] 4 6} + Hs] 4 HY))

m m

while, for doubly Cabibbo-surpressed induced by the ¢ —
dsu transition, we have

+H£J + H}l (HE?)%I = —(HG)%Q — (HIS)gl = (H15) =V d‘/us (6)

For the transition ¢ — udd, we have

(HI’]’TI 5,} HJ Tnék H:::Ié,] + H;::)ék)

m m

() =3 (HEl"= (Hb)u
] .',: 1 9 1 >
_HIJ =R HJf, = (Hg)3® = —(Hg)3' = 5)\d.7 g(Hls)El = g(HltS)%“

Hn’llo.} HJ T}'Iék?

m m

im gJ mj st
Hm. OA + H Ok

m

1
—(His5)3® = —(His)3 = 1\ (7)

where \q = V¥ Vyq and (H3)" = (Hs)?' ;L . Meanwhile,
for the transition ¢ — uss, we have

(Hs)l = R (HG)}Z s (H6)21

= (H)f! = ~(Hg)}® = ), g(le)“

= —§(H15)%1 = —(Hls)%z

where Ay = V. V,s. Combining all Hamiltonian matrix
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One can see that the (Hy5)it and (H3)! are proportional

to Ay and it will introduce a new weak phase. It violate

by A\s + Ag + As = 0. For clearly showing the source, we traditional understanding of the weak decays. One can
. i 3 easily find that when we consider the ¢ — udd or ¢ — uss
process separately, the new CKM matrix will not involve.
| 1 We find that the Hamiltonian which are proportional
(HG)%Z = —(H(;-)%l = — (,\S — Xd), to A, come form the trace of H,’. However in the decom-

give the Hamiltonian matrix of ¢ — udd/ss as

position relation of IRA Hamﬂtoman Eq. 4, the Hq5 and
As — Ag b Hp are traceless and the trace are absorbed into Hj3. As
)\ ————— a result, since the weak interaction Hamiltonian obey the

3 1

o a9

4 2 4 symmetry of three generate quarks {{u,d}, {c, s}, {¢,b}}
1

4

__A_

3
IAd

Ad — g instead of {u,d,s} symmetry, the traceless of His is
—As T _ 4 breaking. If we use the Hi! to represent the ¢ — ubb
transition, the (H3)! = XAy + As + X = 0 and )\, are
(9) canceled in each element of Hy5. In summary, the A,
is IRA Hamiltonian come from the {u,d,s} symmetry
breaking in the weak interaction. Fortunately, this sym-
metry breaking of Hamiltonian will only determine the
possible decay channel and the ratio of amplitude will
not be affected. Therefore we can just omit the Ay in
IRA Hamiltonian of Eq. 9 and the non-physical results
will disappeared.
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Back up

fo1m factors Case I ( 2 /d.0.f=0.945)

7=t I ) E—
vector (£ f¥ = —0.016(13) 13 P = 0008907V fi5 = 0. 0213(23) £ = —0.0036(44) ]
\I = 6107 o D) —
=0126(10) 96—0037 (12) _

AR e )
—

g5 =0. 0215 28 \ g3 =0. 0210 94) | g§ = 10‘18(10*10) = —0.0818(52)
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