LHCEERICH 7D 7 L —/\—D¥)3

2 (KEK)

o

RNFYIEZOER201 4

Gl
e

30 July, 2014 iR

1478308 KEH



. Discovery of 126 GeV Higgs

LHC 748

The last missing piece of
the Standard Model (SM)!

. Non-observation of
NewPhysics (NP) signals
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Great successes of the SM In the flavor sector
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Why flavor factories?

. In present, LHC experiments have not found any signals
of new physics (NP) in the high-energy frontier.

- If LHC finds some NP, flavor experiments play complementary roles to
probe the flavor sector of the NP.

- If not, favor factories (and cosmology) may give the unique access to
the NP in the high-luminosity frontier.

1478308 KEH



Why flavor factories?
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Why flavor factories?

. In present, LHC experiments have not found any signals
of new physics (NP) in the high-energy frontier.
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Why flavor factories?

. In present, LHC experiments have not found any signals
of new physics (NP) in the high-energy frontier.

- If LHC finds some NP, flavor experiments play complementary roles to
probe the flavor sector of the NP.

- If not, favor factories (and cosmology) may give the unique access to
the NP in the high-luminosity frontier.

In both of the situations, we need
more observables and more precision!

SuperK

—K

3, LHCb, LFV, g-2,

-DM, K, neutrino, ...
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NP search by the flavor observables

Strategies Implications on NP models

. For hadronic observables that are SM
consistent but still have a lot of room
for NP, such as Ba— u*u-, AMg, A g, effects are constrained by
ad%i, Bsand B, both experimental and precisely-measured flavor
theoretical efforts are required to pin observables.
down the existence of NP. (Correlation
and global analyses may help)

. Tendency of possible NP

« Consider the NP models which

. Resolving and understanding of explain existing anomalies.

remaining discrepancies: muon g-2,
B—D® T v, dimuon asymmetry, Vun,

B—-K® u+tu-, B...
. Consider (theoretically and/or

. In the SM background free experiment, experimentally) well-motivated
such as LFVs and EDMs, just FIND THE models which predict flavor
SIGANL. signals.
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Outline

1. Introduction

2. Comparison of experimental results and SM predictions
- Precise measurements and calculations in the flavor physics
- Remaining anomalies(?)

3. LFVs and EDMs
- Implications on SUSY search

4. Summary
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Comparison btw SM and Exp (l)

-B meson mixing

AM4(SM) =
AM,(SM) =

AT, (HQE) =

JAN

T (HQE) =

(0.543

4+ 0.091) ps—*

(17.3+£2.6)ps !

(0.087

(0.42

+0.021) ps—!

- 0.08) %

L'y

1

AMy(Exp) = (0.510 & 0.004) ps—*
AM,(Exp) = (17.69 + 0.08) ps™
AT, (Exp) = (0.081 £0.011) ps~*
Arrd (HFAG) = (1.5 £ 1.8) %
d
Al ——2(D0) = (0.5 +1.38) %
L'y
Al — ¢(LHCb) = (—4.4+2.7) %
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Comparison btw SM and Exp (l)

-B meson mixing

AMy(SM) =
AM,(SM) 4 (17.3 -

AT, (HQE) =

JAN

T (HQE) =

(0.087

(0.42

..........................................................................................................

Lattice inputs

 Fy\/By = 216(16), 266(18) MeV

AMy(Exp) = (0.510 & 0.004) ps—*
AM,(Exp) = (17.69 & 0.08) ps~*

-0.011) ps™*

i C?  central values errors o 3) %

"""""""""""""""""""""""""""""" P 'C'é""Y'”*‘""IU/
AT
—2(D0) = (0.5+1.38) %
L'y
AFFd (LHCb) = (4.4 +£2.7) %
d
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Comparison btw SM and Exp (l)

-B meson mixing

AM4(SM) =
AM,(SM) =

AT, (HQE) =

Al alq
L'g
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1
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Comparison btw SM and Exp (ll)

Vi (excl) = 3.42(31) x 1073

Vs (incl) = 4.40(25) x 1073

Buras and Girrbach (2013)

SM predictions for 7 = 68°

- Vub- € K-Suks tension is relaxed

Vs (excl) : 3.1 — 3.4

.|Sw s (NP)|< 0.2 is still allowed

V| x 107 3.1 3.4 3.7 4.0 4.3 | Experiment
lex| x 10° .76 | 1.91 | 2.05 | 2.19 | 2.33 2.228(11)
B(BY — mtu, ) x 104 || 058 | 0.70 | 0.83 | 0.97 | 1.12 | 1.14(22)
(510 28) rue 0.619 | 0.671 | 0.720 | 0.766 | 0.808 | 0.679(20)
S 0.032 | 0.035 | 0.038 | 0.042 | 0.046 | 06t

—=(0.04%75)

«—  V,p(Belle 2013) : 3.52
B(B — tv)(exp) : 1.73 — 1.14 <«— B(B — 7v)(Belle 2012) : 0.72
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Comparison btw SM and Exp (ll)

Vi (excl) = 3.42(31) x 1073

V| x 107 3.1

x| x 103 1.76
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Comparison btw SM and Exp (ll)

Vi (excl) = 3.42(31) x 1073

Vs (incl) = 4.40(25) x 1073

Buras and Girrbach (2013)

SM predictions for 7 = 68°
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Comparison btw SM and Exp (lll)

SM) = (3.65 £ 0.23) x 10
SM) = (1.06 & 0.09) x 10~

B(Bs — ' u™)
B(Bg — ptp™)

(
(

B(B; — pt ) (Exp) = (2.9+£0.7) x 107°
B(Bg — p* 1) (Exp) = (3.6115) x 1071

- NNLO-QCD & NLO EW corrections Bobeth et al (2014)
- Average time-integrated branching ratio desruyn etal 2012)

_ 1+ A _ AT
B = QB[t_O] where Yq = : Aq(SM) =y,

Ys — 0.088 == 0.014
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Implications on NP models (|)

Bg — 'y
i ; CDF 10fb ' i ' SM
% MSSM-LL [ v
R | ommeh
3 e T
+ 0 1 2 3 4 5 6 7
n] B(B'— W) [107 ]
i L0 - 2.4 0 above O
s | 1.6 0 above the SM value
.
e .
m IT confirmed,
X
U‘I'
2 oroof of non-MFV
% —
(). ' S R S L L o :
0 RSc 10 20 0 40) i
10° x BR(B, = ) D. Straub, 1205.6094
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Implications on NP models (ll)

T
;
¢
(

[Buras, Fazio, Girrbach, Knegjens and MN (201 3)]

B~ |A+ P]* +1S)?

To obtain Br< Br(SM),
interference with SM
amp. Is required.

Note,
hsm + FV b-s coupling

— 8 % increase at most
+ P-scalar muon coupling

—> Br<Br(SM) is possible

1478308 KEH



Remaining anomalies (?)

. Muon g-2
. B—>DW Ty

. Dimuon asymmetry

e B—oK® u+u-
e Vub
. B

1478308 KEH



Like-sign dimuon asymmetry (~2012)

. DO collaboration measured the "
like-sign dimuon asymmetry Ace,
which is interpreted as a CP-

LHCb, 1.0 fb'

violating effect in B meson mixing. - DO Dsp, 5.0 fb™
b _ d 0.02 |
ACP 0.¢ Asl — Cdazsl -+ Csaﬁl 7
pp — bl_)X, 7
b — b hadron — u~ (“right-sign” u), 004 |
b — B?S) — B?S) — p~ (“wrong-sign” p); f
- 004 002 0 0.02
g

A%(D0,9fb™ 1) = (—0.787 £ 0.172 4 0.093)%
Ab (SM) = (—0.02870-992)9 390

. LHCDb confirmed SM consistent semi-leptonic
asymmetry for Bs mesons.

1478308 KEH



Like-sign dimuon asymmetry (201 3)

. New contributions proportional to decay rate differences

were found. Borissov and Hoeneisen (2013)
Al AT’ g 0.02 —————————
Acp x A’ + Cr, - FCOr,—— " [bo,104m"
—en | ATT, = 0.0042
| - | S nsmac——— 0 0008
CP violation in the interference of B meson 0l o - SM
decay amplitude with and without mixing. R
pp — bbX, 002
_ . . ) « Standard Model
b — b hadroil — p (“right-sign” ), [ DO DX
— B%(— B"Y - DD, [ DO B—u'D; X
— o -0.04+ » Central value from
D — M ( WIONg-S1gh - [t )7 0 dimltlon asymme(;ry
_ _ 2004 002 0 0.02
Assuming SM decay rate diffrences, 2
340

A% = (—0.496 +0.153 £0.072)% 2.80

i i . DO collaboration (201 3)
Assuming SM semi-leptonic asymmetry,

AT, /Ty = (+2.63+0.66) x 1072 3.30

1478308 KEH



New Physics in AT 4

Bobeth, Haisch, Lenz, Pecjak, Tetlalmatzi-Xolocotzi (201 3)

. DO measurements may be explained by possible NP contributions
to AT a.

- The SM prediction of A [ s agrees quite well with the experimental value.

- AT qis triggered by the CKM-suppressed decay b—ccd (Br~1%). Thus,
large modification of [ (b—ccd) can be hidden in the uncertainties of T tot.

- The SM contribution to A I 4 has a large cancellation between individual
(charm and up) contributions. Then, NP effects can be easily enhanced
compared to the SM one.

. Model-independent analysis:

4GF ST ViV oy (e = oMy ack)
p,p'=u,c
where @ = (4" Pup”) (97, PLb")
Q5 = (d*y" Prp®) (9", Pub’)
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New Physics in AT 4: b—ccd

Im ACS (M)

: SM

Allowed region ATl g /AT
. 4 7 20 T-01T-3 [ / |‘20 g
~ i
.‘20—"/ / -
S0 —— T
25 -
> | |
S | 0 - -
8\:\1 _\ 1 10 |
2 O_ 0 | 1 0 : \\
E : Of |
) -
| 1 -1
-2
/// (
-4t Jeof 07 A4affsr0] fpof, o

—4 -2 0 2
Re AC5" (M) Re ACCC(MW)

AFd/AFSM ' IS pOSSlble
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New Physicsin AT 4: b—7 Td

Constraint from BT — nutpu™ (S, V, T operators)

ICb 1fb
Cb 7fb (prospect) Ard/AFCSiM

15.0

100 — B; - 1ttt ';,';, ]
=== B> Xt o
_> 7.0' . B+ I 7T+T+T_ o4 4
C%‘G 50 i
-
a3}
s 30t :
—~
Re Cy ap(mp) 4
— 20 :
Constraint |Cy ap(my)] 1.5 :
1.0

Br(Bg — 7777) 2.2 107> 10~ 1072 1072
Br(B — Xyt 77) 5.3 Br

Br (BT — ntrTr7) 6.2

Br (B — X) _ ’ AFd/AFCSiM ~ 3 is possible |

Br (BT — wtutu™) 4.0
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0d 0 b b w4 b

From slides by D. Straub @ KEK-FF2014
B — K*utp~ angular observables

CP

d*(T +T) 2
~ Sj f:(0), O+,
dqg? d cos 0, d cos O+ d¢ Z (a°) £i(0), Ok~ 9)
4 R
d (r r NZA(q 0/,HK*,¢)

dg® d cos 0, d cos O+ do

David Straub (Universe Cluster)
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Introduction b — (u,c)Tv b — s(v, £2) b — svi New physics in B decays

SM vs. data: F; [aitmannshofer and DS ]

CP=-0.1,C;=-02 -

CoP=-15,Cy=15

CNP=-2,C) =1

0.0

1.90 tension at low g° (driven by ATLAS and BaBar data)

David Straub (Universe Cluster)

1478308 KEH



Introduction b — (u,c)Tv b — s(v, £4) b — svp New physics in B decays

SM vs. data: S, [Aimannshofer and DS ]

A
0.2 - S
, CYP=-0.1, C;=-0.2 P; — S@/\/FL(I _ FL)
I - —_———————r———7
-0.4 i a 22 B SM Predictions LHCDb -
7 5 | | | | 10 | | | 0.4 —+—Data -
2 2 02 4 -
g [GeV?] oH— -
0.2 -
2.80 tension at high g° 04 T + -
0.6 + -
0.8 -
David Straub (Universe Cluster) .1[' T 3 o 10 T 15;2 [-G.EV;::L’]
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Introduction b — (u,c)Tv b — s(v, £2)

b — svv

SM vs. data: Sy [Aimannshofer and DS ]

New physics in B decays

0.4

CoP'=—1.5,Co=15

NP
C9

CNP=-0.1,C,=-02

=-2, Cyp=-1

-04

2.40 tension at low g°

David Straub (Universe Cluster)

The “B — K*uu anomaly”

1478308 KEH



0d 0 b b )V b oW D B decs

Flttlng Cg and 5,10 [Altmannshofer and DS ]

The are 2-30 tensions in the observables F;, S, Ss. Possible explanation

» Statistical fluctuation ...
» Underestimated theory uncertainties (— see talk by Th. Feldmann!)

» Non-factorizable corrections at low g
» Violation of quark-hardon duality at low and high g?
» form factors

» New physics?
» Can the tensions be removed by modifying C; without upsetting other

constraints?
» The answer for the S, tension is clearly “no”. What about the Ss, F;

tensions?

» Simultaneous NP effect in Cg and C{ gives the best fit to the data
» As yet, only proposed model that can accomodate the effect:
flavour-violating Z’

David Straub (Universe Cluster)

1478308 KEH



Fitting C7 and Co
O, = e/(167r2)mb(§UWPRb)FW7

Oy = ¢/(167%) (37, PLb)(E40),
O = ¢*/(167%) (57, Pb) (("7s0),

Altmannshofer and Straub (201 3) Descotes-Genon, Matias and Virto (2013)
4r o, j
[] 955%CL
[] 99.7% C.L
2 B i1 Includes Low Recoil data 7
~ . Only [1,6] bins
o
Z o
Y 5
a7
) -
—4F -

~0.15 —0.10 —0.05 000 005 0.10 0.15

NP
C7
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Semi-leptonic decay

R(D(*)) —

R (D (*)) See, Hagiwara, nojiri and sakaki (2014)

and references therein

I'(B — DWrty,)
F(B — D(*)Z+Vl)

R(D)gy = 0.305

0.012, R(D*)sm = 0.252

0.004.

R(D)papar = 0.440 £ 0.072, R(D*)papar = 0.332 = 0.030,

R(D)gete = 0.34 £ 0.12,

R(D*)gene = 0.43 = 0.08,

= 0.06, R(D*)exp = 0.34 £ 0.03, 3.80

Explanation by Type-lI

Z2HDM is impossible

tanﬁ/'mHjL (GéV_l)
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NP explanations

. EXp anatlons by Type-lll ZHDM, lepto-quark model are possible
lepto-quark typelll 2ZHDM
Sakaki et al (2013) |
- i e |
Relgis ¢i7] 10 —05 00 05 10
. Model-independent analysis % Crivellin et al (2012)
05 Tanaka et al (2012)
04 ( L/yMbL)(TL’V,uVTL)a
| = (CRY"OR)(TLYuVrL),
A 0.3 = (¢pbr)(TrVrL),
E:/ | Trl
09l = (CrbL)(TRVrL),
(5 O"LWbL)(TRO'MVVTL)
01902 04 06 08 10

R(D)

1478308 KEH



muon g-2
Magnetic Moment

e o
= S
H gugmﬂ /&\ A /& @
_ Gy — 2 £ 0 Y 7
9

a, =

Radiative corrections

JN 09 (e*e -based)

T " it RAn DG S it RAn SAAGINACE IS
5 o Pl p NS A P P S ;

£ aM —301 £ 65 ——
‘ p— eXp __ i
Aa’,u — a 9/ a v’ ¥ DHMZ 10 (t-based)
’ ~10 § —197:54 —A—
— (28.8 +£80) x 10710 }
—289 = 49 —e—
3.60
HLMNT 11 (e*e")
CLEW _ 154 < 10—10 —263 + 49 ——

U

BNL-E821 (world average) |
0+63 —

| | I S ‘ I ‘ I ‘ I O ‘ I S ‘ I I ‘ I

|
-7/00 -600 -500 -400 -300 -200 -100 0

— a€Xxp
a, a,
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Implication on NP models

9 ﬁ
m
EW 1
Aay, ~a,” ~ar— @

My,
-light new particle » dark photon
-heavy (<O(100 GeV)) new particle
+ enhancement factor —> SUSY, RS ..
. wvsinf _ ﬁﬁf
H W ~ .
aiUSY ~ Q2 — E_ tan (3
Mgusy

RN T

cos (3

Waiting for further experimental confirmations @Fermi and J-park.
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| FVVs and EDMSs

. SM predictions are highly suppressed
— stringent constraints and/or strong tools to probe NP models

. Theoretically and/or Experimentally well-motivated models

Similarity with muon g-2

7Y Y Y

muon g-2 LFV DM

\

related with generation of ¥ masses?

1478308 KEH



TeV-scale SUSY models

Before the LHC run, O(O 1 1)TeV SUSY partlcles are expected.

g Colllder S|gnatures :

“flavor-blind EDM” “flavored EDM”

1478308 KEH



representative flavor models.

LFV In SUSY flavor models

Lepton (& quark) flavor signals are discussed in some

RVV?Z2 model SU(3)

[Ross, Velasco-S, Vives |

Q)

>,

h

c
3 s 3 3
= - ta =
M

BR(u = ey)

3
o

~160
1O 1012

.”].d_”. | .l.lj_m. 1077 Iﬂ_gl

BR(7 = uy)

A5 )2

1077

BR(u - ey)

[ Altmannshofer, Buras, Gori, Paradisi, Straub '09 ]

AKM model SU(3)

[ Antusch, King, Malinsky ]

L —]3 ) m“—]l I ”“—lD
10 10 10

BR(7 — uy)

1077 107 1077

At
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LFV In SUSY models with RNs

[ Antusch, Arganda, Herrero, Teixeira 06 ]

10 ¢
107 3

10710 3

10712 3

BR (u—ev)

10714 3

SPS 1a

101 E--

mys = 10'2 GeV

My = 1070 GeV, my, = 10" GeV
m,, =107 eV

| Slepton mixings are
| generated by neutrino

0<104l =n/4
0 <10, =n/4 .
0 =0 1 Yukawa couplings

T

YV mass generation by
see-saw mechanism

1071

10714

10713
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Correlation with leptonic EDMs

leptonic EDMs

CP violation comes from (1) gaugino
masses and/or (2) slepton mixing terms

d, (ecm) [ Hisano, MN, Paradisi, Shimizu ‘09 ]
10—23 T

107 e '- “

102 [

10—27 )

1025 .
10—31
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LFV, muon g-2 and eEDM

o Distorted A terms scenario iciudice. isidori. Paradisi '12]

(5£R)Z-j ~ Af@ij2mfj f=u,d e Sources of flavor

mf & CP violation

LFV, eEDM : U(1), no tanbeta
muon g-2 : SU(2), tanbeta enhancement

[Giudice, Paradisi, Passera '12]

0;; = \/mi/mj
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LHC results pushed up SUSY scale!

. Non-observation of SUSY particles

mg 2 1.8TeV M, 2 1.4TeV

. Discovery of 120 GeV Higgs

MSSM
2 2

my; >~ msy
4
3m;

+ 47292

cos® 2.3

M2
log (

mt

. Large A term
. Vector-quarks, U(1)" ...
« NMSSM

A2
e

(1_

A7

12012

Heavy stops ( O(10-100)TeV )

10

m, , [GeV]

MSUGRA/CMSSM: tan

=30,A_ 2mou >0
I.

Status: SUSY 201

w

1000 L L S LY L L L ]
- N L | 95% CL limits.cposy not included. -
CLSP ATLAS Prellmmary T - - Expected O-lepton, 2-6 jets -]

900 — ) 3 4 s mm Observed ~ ATLAS-CONF-2013-047 —
- ’\‘\ v == Expected  0_|gpton, 7-10 jets T
- \ — served arXiv: 1308.1841 a
- \ | =~ Expected 0-1 lepton, 3 b-jets —
800 — Observed ~ ATLAS-CONF-2013-061 —
C 0 ™ \N'! Trm\=-—_. o\ \ | == Expected 1-lepton + jets + MET 7
- Observed ATLAS-CONF-2013-062 _
- — — Expected 1-2tau 1 ots MET -
700 — Observed o —
F e \\ 3tV A= == Expected 2 ss | pt o = 3 b-jets
| Observed ]
L \ \ -
600 |— | | -
=70 ' NUoY e | -
- e 0CeV) 11 H
— | | - =
500 — \ T =
L | ! -
- T~ = | | n
: _ ~___‘_:—:'L-_-:___I —————— =
400 |— ! l —
= D = e S e e e = S a -
=N | | -
— \\ . —
300 — \ | | |
L | _
— I\ | 1 1 1 1 | IIIII | 1 1 1 1 | 11 1 —
0 1000 3000 4000 5000 6000
m, [GeV]

At:O

IIIIII'

I L

lllll

'2—Io'op'8l'\/l RG |

(mh ~ 126 Ge@‘

10
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High-scale SUSY models

126 GeV nggs boson + Null result of SUSY search

O(]O 100)TeV sfermlons ,

1) gaugino mass ~ sfermion mass  Heavy gaugino, mSUGRA
2) gaugino mass << sfermion mass  Anomaly-med

g 4 o~
.Flavor & CP problem L 0(10 ~ 100) Tev + @ L H, A

~ .Dark Matter '\ > G
. Collider signatures ’ | TV -+ Z

| -NatGralness (0.1-0.001%) |

- GUT 1 >
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High-scale SUSY models

126 GeV Higgs boson + Null result of SUSY search

P

Thanks to the automatic suppression by heavy masses,
large flavor- and CP-violating parameters are allowed. In
this situation, flavor observables are used to access
such a high scale physics!

- -GUT
| GU probe | 1 -

-Flavor & CP probler L 010 ~ 100) TeV 4 _ & [, H, A

~ .Dark Matter > G
. Collider signatures | TV -+ Z

| .NatGralness (0.1-0.001%) |
Muemg2 ] 100 GeV
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High-scale SUSY models

126 GeV Higgs boson + Null result of SUSY search

P

Thanks to the automatic suppression by heavy masses,

large flavor- and CP-violating parameters are allowed. In

this situation, flavor observables are used to access
such a high scale physics!

Energy

n GUT probe

-Flavor & CP preblem- K,\LFV_S/ ancgl EDMs 4

 .Dark Matter > .
gi
1 TeV -

. Collider signatures
100 GeV

- -Natq}alness (0.1~0.001%) 1

i p
4 ¢
& ° — X
b ‘.'
B cosii S o ng K26 T e <t b e O RT0 i L i B i HC L i K262 <m et | FR. asta Rl de CR oy R0 5 LSt 2s - 2 hds
TR SO = Rt L s SRS, T R SO 3 DI I SR B SRR, T 2 =
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Kaon mixing parameter

maximal phase
Heavy gaugino (Ms = mg)
‘A&L,@'j |:’Ad'R,ij‘: 0.1 (i # j)

1072 :
10

107~ 3

Excluded (2-0)

10
10

[Moroi and MN (201 3)]

Na !
Na P!

dr, SL

Im[A 2 A} ]

5
Mgusy

cEx X

- Suppressed If )
the phases are
cancelled

symmetry?
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SO(10) relation and C-invariance

Sy
)
SeR
SeR
@)
Se

fm[A g Ady] =0 Im[AG; Ag; | = —Im[Ag AG.]

| Breaking of C-inv. : EW & Yukawa interactions |
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Breaking of SO(10) relation

Dominant SUSY contribution comes from

m?i,;,i%i% 7 m?{;gg (RG effect through top Yukawa)

S A32 ~ Aclig — SR Alz _
R Tdnbp dr dp R Sdn . dr
g 12 g 7 13 32 g
------ﬂi‘{% ...... Ag@_ or, A@fe-
dr ST, dr SL
, ; tan 3| Ag, 33 Adp.33
ESUSY -~ Im[Acllg A?ZQ Aclli] ng - mBL 10 O 7 ]_
K > %)
Msusy Msusy 30 0.7 0.8
510 0.5 0.5
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Kaon mixing parameter

|Az‘j‘ = 0.1  maximal phase
Heavy gaugino

A tan 0 = 50
Aek] A,=0.1

— 5 =
oo

Excluded (2-0)

N Y - . . - f."f
I €Y is significantly §
-1 \\\ Arg(AgL,lg A&R,m )= m/2

{ reduced

msyusy > 0(10) TeV

- ~
10 <
S
~

Arg(AgDm AéZR,12 )=10 )

107
AdR’g?)—AC]L,gg: 0.1, 0.2, 0.3

' Note, |

10 100 1000 §

| AMpg, D°D° i~ 30TeV |
TeV] e et seacradd

10

Mg
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Br(u—ey)

LFV in High-scale SUSY models

po=my

tan B = 50

AiL,12 :AéRalz — 01

107",
10‘12;
10‘13;
10—14;_

10—15;_

1019

107"

MEG (2013 result)

_-— o o e o o e o o e o o e e e e e e e e =

MEG (upgrade)

Heavy gaugino

Anomaly-med
(mi = 0.2 m3/2)

(m; = M3, GUT relation) :

10

- :IOO
m; |[TeV]

Br
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LFV in High-scale SUSY models

In SUSY models, there is strong correlations btw Br(u—e 1), Br(u—eee ) and Re

Future experimental limits can be converted to that of Br(u — ey)

Br(p—ev) ~ _ian b f 301
o= Aip12 =R 12 =

10712 |
______________________ MEG (2013 result) _______ 1
o1l N e~ MuBe (Phase ) |
NN ___MNEG ade)_________13
107 T T T T T T T TN """"""'Rﬁéé&i@&iﬁj

Anomaly-med

10 | ----- -%OO | T --{OOO
mz [TeV]
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“lectron EDM In High-scale SUSY models
tan 8 = 50
déSUSY) [6 cm] ‘AfL,13‘:‘AéR,13|: 0.1 (Solid li.nes)
1028 | |IAZL,Z']' |:|AléR7ij ‘: O. (dlaslheld ,h?:es)
o — : flavored EDM
----- . flavor-blind EDM
1072 Furentbound With A~O(1), flavored EDMs
| Heavy gaugino are much important
10'29;‘ ; because of the large
| Anomaly-med enhancement by mz/me.
107°%F
: . - A? M
a1 de X 2 le,M tg
T 100 1000 l l
m; [TeV] For m ~ O(10) TeV, we need
New lelt d < 8 7 >< 10 297 { some mechanism to suppress

ACI\/IE Collaboratlon (2013) the CP phases
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Quark (C)EDM

c  Ys My Mz X R AL 2/ 2
dy = e mg m?j qlm[A13A31] S (M3 /mq)

09
f(z) ~ 3logx + n (x <1)

not suppressed so much even
for lighter gauginos

Matching scale psusy?!

o (100']
M;(1007

eV)/as(3TeV) ~ 0.82
eV)/M3(3TeV) ~ 0.69

mq (1007

eV)/my(3TeV) ~ 0.85

va f(z)

1GeV -~

M el M M M M,
0.001 0.01 0.1 1 10 100

do(psusy)
q
&
v QCD corrections
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QCD corrections to Quark (C)EDMs in high scale SUSY models

Altmannshofer, Harnik, Zupan (2013), Fuyuto, Hisano, Nagata, Tsumura (201 3)

For Ms < mg we need RG analysis Energy
A c
to resum large logarithms. dq(mc‘j) .
ge Iog mg 4 & a3
i g ii“
d;/dg (1loop) v
20 - Maqa == dC(M3)§
l 3 q
1.8+ :
1.6 % —é—
| 1000 TeV ;
141 .
j 1 GeV T dq(lGeV;\“‘*‘
Loy 100 TeV

100 200 500 1000 2000 5000 10%
mg [TeV| M3 =3TeV
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NEDM in high scale SUSY models

d,, |A;; =0.1] tan 3 = 50

— : flavored EDM
..... : flavor-blind EDM

Anomaly-med
m3/2 — 5m(’j

27 |
10 (Mg ~ Olmg)

g Heavy gaugino * Thanks to logarithm
0 M3z = mg terms, predicted EDMs
_ are not changed so
102 | e e much for mz/2 = mg.

10 20 50 100 200 500 1000

However, null result of
gluino search put a
bound, m; > 40TeV , In
that case.
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HgEDM in high scale SUSY models

|y, — dg]

10_25 R

— : flavored EDM
..... : flavor-blind EDM

10—26_
' dy — dg| <6 X 10—27

A ly-med
OMdly=me from mercury EDM

10 %7 -
- Heavy gaugino

{ Hadronic EDMs
{ are enhanced for }
. lighter gluino |

10728 | N
10 20 50 100 200 500 1000
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LFV In high-scale SUSY models with universal
soft masses

[Moroi, MN, Ynagida (2013)]

. Even with m ~ O(10-100) TeV, epsilonK and EDMs puts
severe constraints on flavor- and CP-violating parameters.

. Sfermion mass matrices may have some universal
(degenerate) structures at the tree-level to ameliorate
these constraints even in high-scale SUSY models.

Can we expect some flavor signhals?

. Yes, flavor-mixing might be generated by radiative
corrections.
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Type-I SUSY see-saw model

Type-l See-saw model ... Introduction of heavy right-handed neutrinos (RNs)

1 1 1 y2v2
VL : VR E VL [’eff — Mz/ (lLHu)(lLHu) m, — ]I\}

For y, ~ 1, My ~ 10°GeV

\ 4

Mx
M,

k

\
Q In the SUSY see-saw model, with keeping the explanation

L of Higgs mass, s it possible to detect the LFV signals?

1478308 KEH



LFV in high scale SUSY models (universal)

MSUGRA
tan Br(u—e My 2 =my
50 & (1 7) My=10" GeV

i / | | | | | | T 11
107 i
/ )
101 MEQ
10

10 11

1 10 100

m, [TeV]

mo, Ml/27 tanﬁ? MN(OI' yl/)
Yy — AéL

Flavored EDMs and epsilonK
constraints are absent

[mh ~ 126 GeV]

My ~ 10°GeV (Y ~ 1)

= Measurable
LFV rates

1478308 KEH



LFV in high scale SUSY models (universal)

tan(

Br(u—ev)

Large neutrino Yukawa coupling is also useful to enlarge the
parameter spaces with successful EWSB

Anomaly-med
mgajo = My
My=3x10"GeV

50

/].
10
MEG

17

10—14

e

-------

10 | ‘
N &
/
< ———
1
10

For M, < my, it becomes

difficult to achieve
successful EWSB

e
............... (

--------
......

-------
---------
--------

cf. focus point

(/> i

gluino mass bound:

My = 3 x 10™° GeV

My = 10" GeV

,

m3/2 > 40 TeV

challenging to detect

LFV signals

loophole: small K45 ?
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LFV in high scale SUSY models (universal)

. With lighter gaugino masse, a large neutrino Yukawa
coupling is required, as long as universal soft masses

dre assum

Mi /2 /mo

ed.

Br(u—ey)

MSUGRA
tang = 10

mgy = 20 TeV [mh ~ 1206 GGVJ

/ 017

0.1
1013

10

T rrrr

—

16 — /

/

MN [GGV]

1015

10 M

10 13

L.

M; /my

A
A
O(1)4+ mSUGRA

O(0.14 llarge LFV
largely,,
o6 O(0.01)4 Anomaly-med

A

\4
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k<

I'I'
I'I'

vV 7L —/\—DYBICLDFIEERRDcHICIF, BERBDFE L
SRERIG R DI E 1R LCBIREED N E

- BHOFAUEZZRIDIEICLDIRNS. FIENDRE

M

- HoTWBFZ/XU—?)DIRIK

vV 7L—N\—EHEIE L HCERR TIIEERR TCERVE VIR —
AT — )LDV =S EDVA]EE,

- LFV & EDM [C&5EITXRILF—(10-100 TeV) BxIFrEny
DR
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S5

Phenomenology (KEK-PH 2014)

10/21-10/24

KEK F
Belle |

avor Factory Workshop (K

Theory Intertace Platform (B2

10/28-10/31

EK-F

KEK Theory Meeting on Particle Physics

-2014FALL)/

'1P) Meeting

http://kds.kek.jp/conferenceDisplay.py?confld=15873
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CKM matrix and Unitarity Triangle |
W

VCKBA‘\‘\S\)
ur, .

\dL
Vua - Vs 1—\2/2 A AN (p — in)
Vea  Ves Vcb ~ ( —A 1—22/2 AN )
m Vis Vi AN —p—in)  —AN :

V,aV> ub T Vch;{; —+ V;id‘/:(; = (

Wolfenstein parametrization

V.| = 0.2252(9)
Vcb| = (40.6 T 1.3) x 1077

Via = |Viale "’
Vub — ‘Vub‘e_ify
v;is — _H/;fs|6_i68

*
VCd cb
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Importance of double-mass insertion
INn high-scale SUSY models (Anarchy)

Heavy gaugino

Br(u—ey) tan 3 = 50
_ my; — 1 T
10 11 E I OO eV_ p N
g 12
| OéQAeL
~12
10 - VS
: 13 A 32
- constructive - CkyAeL AeR mT/m,u
10—13 ! \_ J
10_14'_ single mass insertion
: 2
' destructive Br A
[ 4
1015 Mgyusy
: double mass insertion
10716 o | | A4
0.04 0.1 0.4 Br o« —;
Mgusy
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Summary of flavor constraints (i)

e Ay ~ ~
T 7 - 2 B —27
aft s, {63 = 0.3] d,, — dg| <6 x 107" cm
I
12,'\‘ dd sing = 1/v2]
| ‘\‘ |
10} 9 ]
4 ‘ !
L \ 1
\
Q \ !
S8 N\ R '
.“\ \\\ ]
\ \\ ~‘~ .
6 \\ \\\\ y ~ -~ 7
\ Sae. /0 Tee=ad 1
\ S=<L. \ 0 T mm—m——
\ N LT F
Y 2 Nl e
~ SS9/ \ @ TTmmmmmmme L '
4.-~~~:\ E
~-__::\_1: ______________ my,=126 GeV
2 STy ™= <&

McKeen,Pospelov and Ritz (201 3)
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Summary of flavor constraints (ii)

Altmannshofer, Harnik, Zupan (201 3)

mgl=1Imyy|=3TeV, |mgz=10TeV
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Electron EDM Iin SUSY models

CP violating phases can appear in flavor-blind and/or
flavor-violating mass terms.

“flavor-blind EDM” ‘flavored EDM”

For A~O(1), flavored EDMs are much important
because of the large enhancement by m.-/m. .
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