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1. Introduction

1. The flavor SU(3) symmetry plays an important role in the conventional quark
model, which classifies hadrons into various of irreducible representations.

2. Although the assumption of perfect flavor SU(3) symmetry succeeds in most
of phenomenological analysis on hadron decays and spectrums, its breaking
effect still cannot be neglected.

3. One of the physical effect due to the flavor SU(3) breaking is the hadron
mixing.
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1. Introduction

There are two sources of the flavor SU(3) breaking.

1. The electric charge difference among the u, d, s quarks, which
involves the QED effect. the QED effect is expected to be tiny!

2. The mass difference between u, d and s quarks, which only
provides QCD contribution to hardon mixing.

£0 = Z @Zq(zZD — mu)wq + € Z es@Zquq AL = ws (mu —2 ms)ws ‘|"6(8u — es)qﬁquuI
+ eZCz/?CAwC, q QCD QED

/ﬂvﬂ\f%“i%ﬂuﬁ B




1. Introduction

Flavor SU(3) breaking:

K1(1270))\ [ cosfk, sinfg, Kig)\ 'P 177
K1(1400)) ) \—sinfg, cosbOx, ) \|K14)) 3p, 1++

Physical states Mixing matrix Flavor states

Mixing angle is very important!




FCNC process:
FCNC decays: B > K 1'1™
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An indirect method of measuring 6, in D meson decays was proposed|
by P. F. Guo, D. Wang, F. S. Yu in Ref. [Nuclear Physics Review, 36,
125 (2019)].

Sensitive to new physics !

Real process only
happen for hadrons:

q

Mixing in axial vector kaons

K, K",
0, 17,




1. Introduction
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K,(1270)-K4(1400) mixing angle in literatures

Refs. 0k, |
(1) 33° or H7°
(2) 37° or 58°
3) |(8L.7558)" or (56.3739)"
(4) 28° < |0, | < 30°
(5) 34° < |0k, | < 55°
(6) 33° and 58°
(7) 39° £ 4°
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2. mixing from SU(3) breaking

L the mass eigenstates of the
'CQCD 4 £O _I_ A£ full Hamiltonian H:

H‘K1(127O)> = m1270]K1(1270)>,

SU(3) conserving term: The same mass for u, d, s:

Lo = Y q(il) —mu)q
q
SU(3) breaking terms: The different mass for u, d, s:

AL = 5(my —mg)s Ho|K1p) = miB|KiB),
HylK14) = mia|lKia)).

AH = /d3$AH($) — —/deAﬁ(ZE) Full Hamiltonian: H = Hy+ AH
AR — Nl
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the mass eigenstates of the
SU(3) conserved Hamiltonian HO:




2. mixing from SU(3) breaking

This method was firstly proposed in the study of Z. — Z_.' mixing :

H. Liu, W. Wang, Q. Zhang, the £, — Z." mixing from Iattlce QCD,
Phys.Lett.B 841 (2023) 137941.

H. Liu, W. Wang, Q. Zhang, Improved method to determine the =, —
=, mixing, PRD 109(2024)036037.

and a further study including the QED effect:

Z. Deng, Y. Shi, W. Wang and J. Zeng, QED contributions to the £, —
2. mixing, PRD109(2024)036014.

the QED effect is expected to be tiny!
AaN—aulll




2. mixing from SU(3) breaking

Kp) — ( CO.SHK1

Kp) = (|K1(1270)), | K1 (1400)))7

—sinfg, coslk,

Transformation between doublets:

Kr

sin O,

(Kip(N)[H|K1(A)) (Kip(N)[H[K14(A)
(E1a(N)[H|K1(A) (K1a(N)[H|[Kpa(A

) = (Kip),|K1a))"

) |Kp) =U|Kp)

W)

(Kip(\N)|H|K1a(A
|=_(2 363)(0) (K15 () |AH( NEK1a(N))

2 2 2 2 5
(m1270
2

m1400 C

2

5
(M3970 — Mis0n) CkSE Migrg S+ Misgo €

kSk Sk = sin Ok,
cr = cosbg,
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2. mixing from SU(3) breaking

. T g — TIy, _
sin 20k, = — >— (K1B/55(0)| K14)
Mio70 — M1400 \ /‘
Same 3-momentum!
(K1B(p2)|55(0)[K14(p1))
F: F3
= €,(p2) | F1g"" + ﬁée“ Bplapgg + Wp1p2:| €, (p1) Only F, is necessary!
. Mg — TNy,
sin 20 . = F1(0)
LT 0
1400 1270
ARl
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(017, (0)|K15(p, N)

Z‘ff%lBe,UJ/Oéﬂe (pa A)p )
011, (0)|K1a(p, N)) = —ifk,amiaep(p, ),
(01T, (0)|K(p)) = ifxpp,

Hadron Level: C— Quark-gluon Level:
insert complete sets OPE calculation
Z/ i 2]; K1 (ka, M) (K15 (kse, No)|  ‘Quark-hadron duality
5 [ oo a2 Kialia A / d*ze'*T[0 an,bk JOK(0
/ (2’§ 2; (k, s+0)><K(k:,s—0)|
- AR —oNistlil
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H
Hadron Level: Tuvs(P1,P2) 1 5 - 1
ar | PaD5 ;, b1P
- - mAfAféQuuaﬂP?( g + T2YL2BQ ) p% _ m%B [Flgm- + M2 6n7p0p1p2 + szlfinT] ( - gp + Til%f:) p% — m%A
8 1 on, PSDS G(¢®) 1
+ folBelwaBPQZ)lpp m%B < + %B )pln M p% — m%{
pf:f}f‘ 51,52,4°) > pi"ﬁ,ﬁ‘p( 1,92, 4%) / > p%"ﬁﬁ‘p(pl,Sz,qz)
/ dSl/ )(s2 — pz) - /s“ih e p1 - Sk o S2 — pz .
_ G (q2)
(K1B(p2)|55(0)|K(p1)) = EZ(Pz)p':LLL
mg
To remove the irrelevant form factors we operate the following projection on the correlation function
upaf3 . v T B« B
" P (p1, p2) = IL(p1, p2) (p1 P2 — PIP>)
1 2
frH _ 2maafhiafigfi(q?)
(pl y» P2 ) — 2 |
(pf —m74)(p5 — mip)
AaN—aulll
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Br, 2 (17}(¢?) = B, 7, (I9°PY (), [opE cacutation]

N _mia _mip ) 1 [s1 83 SN | R ,
2miafiafipe " e "2 Fi(q )27?/ d31/ dso e Tie T2[Im“II (s1,52,q%)
S S

Form factor

J \ J
Y Y
Hadron Level ) Quark-gluon Level
Quark-hadron duality
= Sgﬁn = (ms + mq)2 si" : the threshold of first excited state

th 2 2 2

S1 =Mig T 7'th(m_r{(146o) — mia)
th 2 2 2

Sy =mip + Ten (M (1650) — MIB)
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dim-4:
(G G)

‘ Vanish

(d), (e) are suppressed by m;s’\2; (f) is suppreséed by m”2.

% @aw)|0)

[ B 1 3
(qq) 50 + (7Gq)

dim-3

192
dim-5
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3. K,(1270)- K,(1400) mixing in QCDSR

dim-5: (qg0,,G"q)

(d) vanishes under the
projection

\ fox y s

PP P, (D1, o) = TL(p1, p2) (PP — PSDY )
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3. K,(1270)- K,(1400) mixing in QCDSR

pert
H,LWP
A\ E

(2m)*

X

tr[%UuV(kQ +m)(f; + Ms)Yp7Ys)

(p17p2) q2)

/d4k1d4k2d4k 6% (py — ko — k)6 (p1 — k1 — k)

pvp

B2 (kS = m2) (k% —m2) ellin=t

HGG(G) (pl y P2, q2)

:/d4xd4y g2

d*ky dke d'k

xe—ip1~y/

7

>

@m) @n)i 2n) gih1 Y g—ika T o —ik-(y—x) (_4 dim Z/d4xd4y oiP2T p—ip1-y B B otk1y p—ika-w <_32W2) (_Z) tr[tA¢P]
i 0Py my) + (b m)o o™y ma) + (y + ma)oT <o [ LA L A, My ) o o)+ tme)o
XU iz THv (k2 — m2)? (k2 — m2)2 Yo V5 (y —x)? k3 —m3 (kf — m3)?
x tr(t4¢21g2 (01G45 (0)GE. (0)0). x 95(01Gap(0)G,-(0)]0)-
7Gq(2) 2 5 4 4 ipax —ipy- d*ky d*ky gy —iken
qug (P1,p2,q47) =i d xd >y e'PTe PV ; - 1Y 2
) dim-5
X [‘7 <Z> Oaﬁ(k2 +ms) + Ky + ms)o*P i(fy +ms)
214 4

qq
Lo,

(p17p27 q2)

i2/d4:cd4y eP2 T tP1Y
x [0, D (2,0) D0, y)7,75](01q. (z)qh (1) 0)
dim-3 + dim-5

59O (py, pa, ¢°)

d*ky d*kso

(k3

— mz)Z

x t15(07%(7)gsGi5(0) g (y)]0).

2 _ .2 Yp 5
kl myg ab

7p'75}
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Threshold:

th _ . 2 2 2
§1 =Mmiy + Tth(mK(1460) — Mjy4)

th _ 2 2 2
s3° = mip + Ten(Mk (1650) — ™1 B)

2 2
mia Mk (1460)

— =10
- 1 =0.8
— 1 = 0.6
= 1, =04
— Th =02
15 i, 25
T? [GeV?]

/T(\J%Z%ﬂﬁ
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Continue

m%A th o
51 s
f;i o f;ﬁ dsp e Tte T3 Im2HQCD(81, S92, q2)
ScontiEE 1 : e N
fooo dsq fooo dso e Tte T3 ImQHQCD(S1, S9,q?)
<0.5 Continue
~ : =

Continue+Pole

The continuous spectrum contribution must be smaller than the pole contribution!

ATNE=a T

100 -

75+

500

=

15
T2[GeV?]
1.16 GeV? < T2 < 2.39 QeV?2

upper

Jn



Tlcond =

Fy* + F{9 + FT

‘Flpert |

1.16 GeV? < T?

upper

< 2.39 GeV?

1.5

T?[GeV?]

2.5
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3. K,(1270)- K,(1400) mixing in QCDSR

Demand: pert qq GG gGq
|F7 | > [ FYY| > | FYT > [FYTY.
25 0.4 |
— IFP™ £
2t —_— |F1‘7q| 03l IFC ©| upper ]
15} — |FZ9 i IFCC| lower |
S G —_ _ \\ qu
g 1l — Iqu ql g 02+ ° |F1 |
) IF” 7| upper
05+ 01 ) : IquGqI lower |
0 | B
0.0 —
1 15 2 2.5 1.0 1.5 2.0 2.5 3.0
T?[GeV?] T?[GeV?]
2
1.17 GeV? < T2, ., < 2.64 GeV?
The contribution from higher dimension less than lower dimension!
9 AN\ T=>0 7y ([ ]
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3. K,(1270)- K,(1400) mixing in QCDSR

1.16 GeV? < T2

2
2 <239 GeV — :
- 1.1 V T 2.
1.17 GeV2 < T2, < 2.64 GeV? 7 GeV® < T7 < 2.39 GeV

However, instead of the physical region, QCDSR calculation establish
on the deep Euclidean region result: F1(g2 « 0) is known.

£ (0)

1 — qz/m?)ole

Fi(¢%)
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L - -
e

25

40 +

303. _______ 5\
T
g LT T,
U ... 020 Yoy

oL —

1.0 15 2.0

T?[GeV?]

3.0

Refs. 10k, |
This Work| [21.4° 4+ 9° or 68.6° + 9°
(1) 33° or 57°
(2) 37° or 58°
(3)  |(31.7738)° or (56.373%)°
(4) 28° < |0k, | < 30°
(5) 34° < |0k, | < 55°
(6) 33° and 58°
(7) 39° 4 4°

Consistent within the error
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4. summary

» Divide the Hamiltonian into the SU(3) conserving and breaking terms.

» Relate sin 6. with kaon matrix element.

» QCD sum rules calculation for the kaon matrix element.

» Determine the appropriate Borel parameters.




