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Introduction

- €' /e CP violating observable in K;, — 7r
- SM prediction based on LQCD:

(€' /e )sm = (1.06 & 5.07) x 10™* [TKitahara, U.Nierste and P.Tremper]
c.f. [RBC-UKQCD], [A.J.Buras, M.Gorbahn, S.Jager and M.Jamin]

+ experiment:

(€' ex)mxp = (16.6 & 2.3) x 10~ * [NA48, KTeV]

- discrepancy b/w SM and experiment:

(¢"/ex)Exp > (€'/ex)sm at 2.9 o level

Can we explain this discrepancy by SUSY?



Outline

- Scenario:

-MSSM
-gluino contributions with large trilinear couplings

-CP phase In trilinear couplings

- We evaluate maximum SUSY contributions to €' /ex
- SUSY can explain the discrepancy

- SUSY contributions to B(Kj — n°vi)



CP violation in K; =111

-+ CP violating observable in Ky, — nr:
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CP violation in K; =111
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- NP In ImA, is favored because of AT =1/2
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NP contribution to Z penguin

- / penguin contribution:

dR,i q_L,z'

dR.i qdrL .
dL dR
AL(5y*Prd)Z, Ar(5v"Prd)Z,
A
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Z Z
- NP contributions to €' /e :
(€' fex ) NP X (S%/VIHIAL + C%‘/ImAR) e B2 53

- NP contributions to right-handed Z-penguin is favored



Gluino contribution to Z penguin

- we treat the gluino contribution in SMEFT(SU(2)xU(1))
L= Lgm + ZCiOgb‘l

044 SU2)xU(1) inv

-squark and gluino are much heavier than EW scale

-SUSY particles are decoupled at SUSY scale

- SM

-FT b/w SUSY scale and
W scale SUSY scale

—\W scale Is suitable

SMEFT



Gluino contribution to Z penguin

- gluino contributions to SM
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- gluino contributions to Z penguin atter EW breaking:

L = AL(g”y’uPLd)ZM —+ AR(g’y’uPRd)ZM

AL 0.6 (TE)lg(TD)23v2/m%

AR XX (TE)gQ(TD)gl?JQ/m%

 large trilinear couplings can amplify €’/ ek



Constraint from s
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AL(g”}/’uPRd)ZM, AR(g’}/’uPLd)ZM

+ L D Ar(sy"Prd)Z,, generates (dvy,Prs)(dy* Pgs)
- right-handed Z-penguin is chiral-enhanced in €

- constraint from €x 1S severe



Other constraints

. Vacuum stability:
1

Vscala’r D E(TD)Q COS BHdL,idR,j /‘

Color Charged Breaking
Vacuum




Parameter scan(1)

- maximum SUSY contributions to € /ex
- k20 level

-B(b—dr), B(b—syr): 20 level
-vacuum stability:

ifetime of EW vacuum > age of the universe

- trilinear couplings:
(Tp)13,(Ip)23, (ITp)31, (ID)32]

— [RG(TD)lg, RG(TD)Qg —+ iIm(TD)Qg, RG(TD)gl, R@(TD)SQ —+ ZIm(TD)gg]
- Re(T'p)13/Im(Tp)23 = Re(Tp)s1/Im(Tp)s32 : fixed

. mg/mg : fixed



Maximum SUSY

40 —————mm—m—mm—m™—™——————————

ms/mg =18 allowed<] |+ Re(Tp)13/Im(Tp)os
r3°:' 1.2 ‘ |  =Re(Tp)s1/Im(Tp)s2 = 1
=l P 5
?9520: . .\\ |
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m;, [TeV] 5.6 TeV

- gluino contributions can explain the discrepancy
if the SUSY masses are smaller than 5.6 TeV

12



Gluino contributions to B (K — ©"vi)

- SUSY also contribute to B(K; — %)

Ky —7m Ky — m'vp
U 1%
Zj<a %ﬁ<p
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* B(Kp, — mui) o

(2.12 x 10~ — 2.51 x 10*(Im[AL]12 + Im[Ag)12))



Parameter scan(2)

- maximum SUSY contributions to B(Ky — ©°vi)
-€k:20 level

-B(b—dr), B(b—syr): 20 level
-vacuum stabillity:

- trilinear couplings:

(Tp)13,(ITp)23, (ITp)31, (ITD)32]

— [Re(Tp) 15, Re(Tp)as + iTm(Tp )as, Re(Th)a1, Re(Tp sz + iTm (T )so]
+ Re(Tp)13/Im(Tp)23 = —Re(Tp)31/Im(Tp)s32 : Tixed

- mg/meg : fixed

« (€' /ex)?YPY =10.0 x 107*: fixed



Maximum SUSY
contribution to B(K; = 1'VWV)
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- B(K;, — =) can be about 1.5 times lager than the SM

+ This branching ratio can be discovered in KOTO



Conclusion

- gluino contributions can explain the discrepancy of
e’ /e if the SUSY masses are smaller than 5.6 TeV

- B(Kp — nvp) can be about 1.5 times lager than the SM

- This branching ratio can be discovered In future
KOTO experiment

- SUSY contributions to
B(KT = n"vp) AAcp(b— sv) B(Ks — i e
can be also amplified



Maximum SUSY contributions to
B(KT™ — 7tvi)

1.7} ,
6l | - mg/mg =1: fixed
s 15 1« (¢'/ex)SU5Y =10.0 x 107 is fixed
E\ 1.45—
:l; o Re(Tp)13/Im(Tp )23
5l = — Re(Tp)s1/Im(Tp)ss
N —0.6,0.8,1,1.2
T I TR B Y- a—rCY

B(KT™ — nTvi)can be about 1.6-1.7 times later than the SM



Maximum SUSY contributions to
AACP(b — §7)

- mgz/mg =1 fixed
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- AAcp(b— sv)can be as large as 14%

- This asymmetry can be measured at Belle Il with 50ab ™"



- mgz/mg =1 fixed

- (¢ /e )?V°Y =10.0 x 107* |s fixed

: Re(T'p)13/Im(Tp )23
i; = —Re(Tp)31/Im(Tp)32
5 ~0.6,0.8,1,1.2

- D=1,na=-1

My [TeVl .
- branching ratio is evaluated in parameter space
B(K; — 7'vi) is maximized
- effective branching ratio can be larger than SM
- this branching ratio might be measured by the end of

the LHCb Run-2




Maximum SUSY
contributions to € /¢&¢

40 s _ 2
ma/mo =18 allowed< | 9D = (Ip)ijvcos 5/mg
30} ] (e’/e)SUSY ~ 5%
= | 1.4 ! )
1‘ | BB~ X)) ~ o /mg
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my, [TeV] 5.6 TeV

- maximal value of €'/e increases as mg becomes larger



Leading RG effects in SMEFT

- RG equation:

dC, . .
(47)% ” = v4Cp  7Yab : @anomalous dimension
(1,3)
e.g. (4w)2d[szﬁj” = 6Y2[C )]s

- first leading logarithm:

Yab Hsusy _
a\Mew ) — 5& l C SUuS
C (:u ) _ b (47_‘_)2 11 Uow _ (:LL y)




Maximum SUSY
contributions to €' /gy

(¢ [ex)SUSY o — [5.91 x 107GeV2Im ([Cé}g]m + [cg;g]m)

+1.97 X 1O8GeV21m[CHD] 12

m[Cy 12 o —Im [(Tp)i3(Tn)23] = —Im(Tp)2sRe(Tp)1
Im[CHD]12 x +Im [(TD)gl(TD)§2] — —Im(TD)ggRe(TD)gl

- maximum SUSY contribution:

RG(TD)lg/Im(TD)Qg — RG(TD)gl/Im(TD)gg



Maximum SUSY
contribution to B(K; = 1'VWV)

B(K; — 7vi) (—4.83 x 1074

2
—5.62 x 10°GeV-Re ([CS)Q]12 + [Cgég]m + [CHD]12) )

Im[Cy3 |12 o —Im [(Tp)i5(Tp)2s] = —Im(Th)asRe(Th) 1z
Im[CHD]12 X Im [(TD)gl(TD)§2] — —Im(TD)ggRe(TD)gl

- maximum SUSY contribution:
RG(TD)lg/Im(TD)Qg — —RG(TD)gl/Im(TD)gg

- right-handed contribution can amplify B(KL— v v)



