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Introduction
* FCNCOFRICE 1T D IREN LGB IE R
H L= = Cl(CZL,i}’”dL, j)(jL,i}/ﬂdL, )+ CZ(jR,idL,j)(JR,idL,j) 4 .

-J—=IARZEDHB T L
-NP#HLF, top, W, Z, Higgsiddecouple (NP scale > O(100)GeV)

Standard Model Effective Theory(SMEFT):

Leg = Loy + Z CEQL (NP#iI+7Z |7 decouple)

= R HAE

B = YR

e.g. Kaonlc &1 2 AS=2D &I =

-operatorzFHiis D AT —ILAE

7L e.g. LRDAB=20D%

A=



Outline

® SMEFTIC K BT —IARZERRIZ
-KaonRICH T DT —IARETIIFTW

[Endo, Kitahara, Mishima and Yamamoto]

® SMEFTICHRIFTDAMNY T A=V DEFHIE

-Left-right symmetric modellC & 7 5 SMEFT
On-going work with Motoi Endo(KEK) and Teppei Kitahara(KIT, TTP)
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Flavor-changing Z penguin

» g'/e: Ki->ninlc KT BCPZ RS EHIE

 SM:
(e’/ek)sm = (1.1£5.1) x 104 [T.Kitahara, U.Nierste and P.Tremper]

. SEER:

(e'/ek)exp = (16.6+2.3) x 104 [NA48, KTeV]

« SMESEEREDT > TULVRLN:

(€’/ek)exp > (€’/ek)sm at 2.80 level
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Kaonlc & 7 B5SMEFT

- /eNDNPDF5:
e'lex o (ImAy — ImAy/wpyp)  1/wpxp = 22.46

decay amplitude
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Kaonlc & 7 B5SMEFT

+ Z-penguin\DNPDE 5

Z = A(SY'Pd)Z, + Ag(SyFPrd) 2, (T— I RETIEIEW)

(€' /ex)np x (syyImAL + ¢ ImAR)

6 /18



Kaonlc & TSSMEFT

* SMEFT:
»Ceff — LSM + Z CZQJ;

i S—IRE

EWSB

0V = (H'iD H)(Gy"
[0y,] = (H'iD H)(Gr"q,) }_> AGPP)Z,

'(_)Cl _ a
[@g)Q] = (HTZDMH)(%T r*q,)

[Oyp] = (H'iD H)Gy"d) —  ARGY'Prd)Z,

WG+ WIG™) + | Gurtdy)
“NAS = 2 0EARICES
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Kaonlc & 7 B5SMEFT

« AS=2DEAIE ~ ( KO|H|KO>

oy aw

dL/R SL/R

dL/R SL/R

] (5. gY"d; )

* SMEFTIC &L > TH —IARZERIKZVVHDI R EE
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ImA |

4x10°°F

2%x10°°

2x107°F

4x107

£ =

Kaonlc & 7 B5SMEFT

* Kaon®DIndirect CP violation:
-SEER(E: | eS| = (2.228 £0.011) x 1073

SM: ¢M = (2.12+0.18) x 1073

4x10%  -2x10° 0 2x10°%  4x10°
IQGZXL

A (d sz, + A R(dpy"s RZ),

4x10°°F
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Im A R
o

2x1076F

-4x10°°F

[Endo, Kitahara, Mishima, Yamamoto]
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-KaonRICH T DT —I RT3/ LY

® SMEFTICRIFTBAMNY TV A=Y DEFHIE

-B{&fl & U TLeft-right symmetric model
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24— L DOFEE

* NPRLF ESMALFHE 5T 5:

e.g. LR model
t
" BV FEES

W, I 0%
t

- operatorz & Mscale TFHI T ANE HHRE SRV
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Left-right symmetric model

SU(3)cxSU(2)LxSU(2)rxU(1)B-L ﬁ' SU(3)cxSU(2)LxU(1)y

» Flavor-changingtB & {EFB:

-W_., Wgr(heavy)

g _ g i
L = —=V)) ity PLdW* + =(Vy), ity Prd, W

C2 V2

-Ho(heavy neutral higgs)

V2 - _
Lo = o VM VP + d(VIMV)PACHO
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SMEFTA @ matching

« SMEFTCODKL\:
-AF=20operatorictree-level matcing
dr,

dp M =My,

d;, ———e——— dp

Y(VF)3(VR)s; AF=2

EHO

-AF=10operatorictree-level matcing

AF=1
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M=MWR

One-loop matching\

ﬂ:MWL

SMEFTA @ matching

* NP scale C@matching:

tree

XK

AF—l

one400p

A

AF—Z

g WR§ b

~

one-loop

W

AF =1

Pad

AF =2

AF =2

’J'—“/T > IZmatching

NP scaleh*5EW scaleX T

SMEFTDRG

/ Tree-level matching

EW scale™C

conventional effective theorylCmatching
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SMEFTA @ matching

* EW scale™C@matching:
one-loop matching

oon QA 20\
(04)@13-1 b= (ng))sszﬂl(fﬂu MW) + —gt(céfz))%ijj(fﬂt)
3
Q m mj
t t " s > [)\t (CE ) mgis + N ](Céi))imij] K (@, pw ),
VckMm q
(Co)l5r = 2000 () — o (s — (Cora)s | s o)
ij —y ud )33 T 51 ij ij :
W G 405)\Z] 1 1 8
’ + WS%; (C4))3315 — N, ——(C)3355 | I (1)
3
o im (¢ ~(1 1 8
s > [)‘t ((Céd))mm ~ 9N (Oéd))mjij)
m=1 ¢
i (o) L o® i
+ N (Cog )imij — N, o (Cod Jimig ) | K (@, prw ),

- SMEFT & conventional’3 AiETE DIEEEWVDHH S HV?
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Result()

» BsDWilson{RE (u=MwL):

conventional |
H=m¢

M = mwr

MH — 6mWR

1 5 10 50 100
WVR mass [TeV]

1

10 50 100

WVR mass [TeV]

5C4 — (C4( MWL)SMEFT _ C4,con( MWL)input=top,WR) / C4( MWL)SMEFT
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Result(2)

- BREF®Dmass difference:

5 - ]
9
g —5' M = MwR
Jd |
W -10¢
- MH = 6mwr |
_15I- _ _ _ [ I _ _ . I ——— |
1 5 10 50 100

WVR mass [TeV]
5( A MBq) — ( A MBq)SMEFT . ( A MBq)inputztop,WR) /( A MBq)SMEFT
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Summary

* SMEFTIC K >TIT—IARZEICYBEZIRAS

* SMEFTICE >TARAT—ILDAEHZNETES
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Back up slide



T — I AZIEmatching

* NP scale TD7 — I AR Z/Ematching:
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Conventional case

* NP scale C@matching:

tree one-loop
( \/ > > > \
— — + W, = +W w +...
H = MWR >i >< L AT ;é ) Ré )
AF =2 HO one-loop

TN

Low-scale RG

U = MWL >< EW scale Tmatching



Ks) = |Ky) +e|K_)

KaonDCPDiE 1

XX

Kp) = |K_) +e|K.)

7mm):CP even
Direct CP violation

- (rrm—

T CP even

H

Kr,)

H

Kg)



€' /e

/ 2 2 B(KL—>7TO7TO)
Ree_ _ 1 |77::‘ Bl ‘7700| _ 1 1 B(KS—HTOT(‘O)
e 0 |’ 6 DK pmmT)

B(Ks—mtn—)

CHDEZNBIENTES

B <7TJ_7T_’HKL> o <7TO7TOHKL>
= (mtn=|H|Kg) 100 = (mOTO|H| K g)

NA48%EER & KTeVEER WHIE =T o I
(€/€),y, = (16.6 £2.3) x 107"  [PDG]
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€' /e

T+ — T)oo rOMKL) (e KL
=T (ntn [H|Ks)

2 oo = <w0wormf<s>

<(7T7T)1\H\KO> — A;e! <(7T7T)1|7-[\[_(0> Ate’r
Isospin: [ =0, 2

~ \;5 R:Ao <ImA0 — %Im%b) exp (Z (g + 09 — 50))

RGAQ
W =

B¢




/
€ /€
€ ~ \}5 R:AQ <ImA0 — élm%b) exp (Z (g + 09 — 5()))

A

— acldental cancellation

2AM
e = |€| exp (iTan_l e )
MEEE B

UTDEZFHIT 5
/ 1 Wexp

€
€ V2ld,,, Redo),,,
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The SM prediction of €} /ex

RBC-UKQCD
i ~ L Yexp (ImA ! ImA )
€K N \/§ GK‘ (ReAO)exp : Wezp :

They determine ImAg, ImAs by lattice QCD calculation.
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The SM prediction of €} /ex

Buras et al. AJ. Buras, M. Gorbahn, S. J'ager and M. Jamin, JHEP 11 (2015)
202 [arXiv:1507.06345]

1

€ 1 W

~ ImA
ek V2|ex| (Redo)eap 2>

Wezp

H _EZC( ) Qi (1) A = () 1| Heps| KO

(I{equ)expa(I{efQZ)emp
l determine
(Q2(1))g , (Q2(1)),

l by using suitable relation

<Q4,10(M)>o : <Q1 9 10(M)>2
6Qi (1)) = ((mm)1|Qi (1) K°)



The SM prediction of €} /ex

Kitahara et al.

1

€ 1 Wezp (I %
— 1001
€K \/§ EK‘ (ReAO)exp :

In addition to Buras’'s result they estimate subleading
hadron matrix elements

<Q3>0 ) <Q5>O ) <Q7>O

by using lattice QCD result.

ImA2>

Wezp

28



- /
Models solving € /€ anomaly

Several new physics models have been studied to explain e’/e anomaly

MSSM
chargino Z penguin [M.Endo, S.Mishima, D.Ueda and K.Yamamoto, PLB762(2016)493]
gluino Z penguin [M.Tanimoto and K.Yamamoto, PTEP(2016)no.12,123B02]

gluino box [T.Kitahara, U.Nierste and P.Tremper, PRL117(2016)n0.9, 091802 A.Crivellin,
G.D’Ambrosio, T.Kitahara and U.Nierste, 1703.05786]
Vector-like quarks [C.Bobeth, A.J.Buras, A.Celis and M.Jung, JHEP1704(2017)079]

Little Higgs Model with T-parity [M.Blanke, A.J.Buras and S.Recksiegel,
EPJ.C76 (2016)no.4,182]
331 modellA.JBuras and F.De Fazio, JHEP 1603(2016)010 & JHEP1608 (2016) 115]

Right handed current [v.Cirigliano, W.Dekens, J.de Vries and E.Mereghetti, PLB
)17)1 S.Alioli, V.Cirigliano, W.Dekens, J.de Vrigs and E.Mereghetti, JHEP1705 (201 7)086]
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