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Based on

Long distance contribution to the K, —K¢
mass difference
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Standard M oddl Review

« KO- KO mixing requires two A S=1 interactions:
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Standard M oddl Review

« Two types of diagram (most gluons not shown):

up type quarks
; t,c,u [ "

W
d t, (; U
d _ 8
Connected Disconnected
(two quark lines are (each quark line is
connected by W’s) connected to itself by W’s)
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Standard M oddl Review

 Three up-type propagators:

Yoo

i=u,c,t

 GIM subtraction:
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Six contributionsto AM, and &

o Six types of box diagram:

P b d
s M (_p2 + m? P2+m§)

d A rp P
/ pz—l—mf Pr+ m? S

ij=tt uuandtu Ij=tt, uuandtu

» Masses & CKM coefficients: (m/m.)? =2.1 x 104
A,=022 A.=-0.22+134x 101
A, =32x10%-1.34x 1041
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uu box diagram

p b
Awu -
5 (p2+m§ p?+m? d

N/Iu /Iu
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 Large contribution to AM, (see Jianglel Yu’s talk)

* No Imaginary part!
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tt box diagram

b )/
A — d
N t(pz—l—m% p?+m?

~A A

~(3.2 —i 1.34)2x10-8

* Dominated by p ~ m,

4 p
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2~2 4 lﬁ((””g—m?) 2 .2 . _472
)szF[d k [(k2+m%)(k2+m§)} ~ Gpm; [(3.2—1.34i) x 107%]

 Largest contribution to &

» Contributes ~4% to AM,, familiar Pert. Th. x By
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tt box diagram

Orr = S.v"(1 —y)d, 5py™(1 — v )d,,

» Requires only the usual lattice calculation of B,
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ut box diagram

p b
lu -
5 (pz—l—mg p?+m? d

N/lu ﬂ‘t

~0.22x(3.2 i 1.34)x10* W

e Treat top and charm
pieces separately

d

l( p p ) .
' pr+m>  p?+ m?

K (mz —m3) K
(k2 4+ m2) (k> + m2) (k2 +m2)

e Charm kusz%/d“k

~ Gpm; log(mea) [0.22 x (3.2 — 1.34i) x 107%]

K (m; —m;) K . .
e Top AuktGI%fd“k(kz Yy — Gpm; [022% (3.2 —1.34i) x 107%]

» Contributes ~ 2% to g, ~ 0.2% to AM
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ut box diagram

(P b
\pPtmi pPmi

e O, subtraction replaces lattice short distance

piece with perturbative short distance piece.
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uu disconnected diagram

~/Iu /Iu
~(0.22 +i 0)?

e Convergent ~ a2 Gg?mz2(0.22 +i 0)?
 Large contribution to AM, (see Jianglel Yu’s talk)

e No Imaginary part!
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tt disconnected diagram

~A A

~(3.2 —i 1.34)2x10°8

Given by O, matrix element, accurate to 10
~4% correction to AMy
Standard NNLO contribution to &
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ut disconnected diagram

Nﬂ'u ﬂt

~0.22x(3.2 —i 1.34)x10

 Up factor: convergent (~ m4/k?)
e Top factor:
— charm vertex: requires gluonic penguin subtraction
— top vertex: represented by gluonic penguin operator
 Final overall log(a) will require O, subtraction.
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ut disconnected diagram
O, , subtraction

convergent

d
<—_ gluonic

penguin
operator

C C t
+ (Cpr — Crpr + Cpr) X
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Conclusion

quarks | My, | Re(Myp) | Im(My)
(u-c)u-c) | 22 (mJ/m,)* | 1.1 X107 0

(t-o)t-c) | AZ (m/m Y |4.0x107 | 4.1x 107
(u-c)t-c) | A A, (mJm Y| 1.6x 108 | 6.6x 109 | <

o While elaborate, all six types of diagrams can be
computed using lattice methods.

« Computing (4,/2Re(4,)) (mJ/m,)? ~2% corrections}
to & Is an important next step!

* Including ag,, effects will then be the next barrier.
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