B, — B.mixing and
B, — KK decays
within supersymmetry
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Outline

e Motivation: “B—rK puzzle”

e SUSY model with large 1sospin violation-—
Grossman—-Neubert—-Kagan (GNK) scenario

e Strong constraint from Am,

o« 5. — KK decays in GNK scenario

e Conclusions
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B—=r K puzzle

In the SM,
AB* - 7*K°)=-P
+ Or+\ _ D "Iy ' 4
J2A(B* > 7°K*)=P —-Te”-P., —Cle
AB° >7n K')=P -Teé”

J2A(B® - n°K°)=-P - P,, —Ce"
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e [n the SM:

/ Y I~ ) b
P >T=P ;>»C p _ L BRIBj =7 K|+ BRIB) — 7 K]
"7 9 BRIBY - 70K + BR[BY — #VK0] °’
d d
=~ BR[B] — n"K*] + BR[B, — 'K~
‘/ -~ R.=2 d d R
‘ ! ( BR|B] — 7tK° + BR[B; — 7 K]

v A, (B" > n°K*)=A.,.(B° > 7 K")

0 0 70 : [G. Hou’s talk]
vV Sp(B" > K")=8n2p

-
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e R /R, problem has disappeared!!
Buras, Fleischer, Recksiegel, Schwab (04,05,06)

o Acp(7K*) = 0.047+0.026
Aep (1 K)=-0.093£0.015
|G. Hou's talk]
o S(7YKY) = (0.33%£0.21
sin(2 8 (charmonium)=0.675+0.026
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e |C’/T’1=1.6%£0.3 mainly due to Agp,
S(#YK0)
SB, London, hep—-ph/0701181

cf. In b —d transition, | C/T|=0.28%0.15

(Combined analysis of B—xr, B—KK).
SB, arXiv:0707.2838

—can be solved by NP in the EW-
penguin
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(+N enario

e /Z—-mediated EW-peguin in SUSY 1s suppressed.

(/)

S

e “Trojan penguin?’ Grossman, Neubert, Kagan(99)

« [Large enhancement in EW-peguin sectors
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Structure of squark mass
matrix

Squark mass matrix: Squark mixing:
K — I<— B i B J r Lﬂ-f;-i . LI"'E = diag(mﬁ-h , TT?%L, mi),

r | 'r=10 cos O sin 0, €L

172 e ~g,2 ~[&).2 " r2 _ 0 —sinfp et cosf,

M iLL = 0 735?22 73. :[223 . ﬂ[&-‘ LR(RL) = 033.

0 \mps, mp, ~ - o
s1 =C0SH, s —sinHL e b,
2 2 B(B — 1¥S7/) ~ . is, ~0 ~0
M35 =M5 o by =sin@, e s, +c0s6, b:

Large 2-3 mixing motivated by SUSY GUT.

S.B., T. Goto, Y. Okada, K. Okumura(01), Chang, Masiero, Murayama(02)

Oversimplified but useful in constraining 2—-3 mixing.
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Y = =2 | 3 () OF 4+ 10) OF) + Cgl) Qs + Csg 1) Qs
\/E 1g=1u.d
O = (basa)v-aldsis)v+a 0F = (basg)v-a(dsda)v+a -
O3 = (basa)v-(Gs98)v-2 0 = (basp)v-a(734a)v-4
O3 = (bada)v-4(4ps3) V44 Of = (baqs)v-A(q35a)v+4 ,
QSQ — ({js/?ﬁ B)I’ri‘bbnﬂp(l — 1.-5)(}’#“*’3

(:? = ﬂi:/njléii;L [%F(?”Bﬂ'”ﬁﬂﬁj 158(( UL g Tirg) T ;4( bLg) + )B( bLg)]
bL§ T3p5)
= (14:/11_12?; [g Ty 5 Tgpg) + é("( h, g0 Tqpg) — %A(-’ffBLg) — %B(”’EL@*)]
bLg — T35)
- ]
— (5, 5 = Ts3)
= ai:/n;éii;jL [%F(:I?E.ngf‘rfiw”) + 12(’( brg Tirg) = gﬂ(?”BLg} - %B(”"EL@)‘
- g

Seungwon Baek

B (:3?514 i

.'Ifng) Bs-Bsbar mixing and Bs—>KK (



e Large SUSY contribution 1s possible
when

— small gluino mass

2 2
— Mz, , > my, .

— | sin 20| or |sin 20g| not far below 1

2 2 2 2

EW _EW ~EW ~EW
e C1, Gy, ey and ¢ han get large
. . EW __ d
SUSY contributions ¢ " =c¢ — ¢ ).
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« B,—B; mass difference:
17 ps™h < Amg < 21 ps™ (90% CL), (DO)
Am, = 17337052 +£0.07 ps~t,  (CDP)

ﬂm_fh’l(UTﬂt) =21.5£2.6 ps_lg Arrf’M(( KMfit) = 21. _,ig p::s_l

|

T

V1Ll Lile

("Ancictonnt xr1th thea N (TN £
Ul1l1DO1DOLC1 lL iVl U 1\1lVl 1

<

e Constrains NP models sensitive to

Ams [G. Hou's talk]
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Her =Y GO+ G0
=1 = MSSM _ 0% 2oy i
O = msm 207,e7°0 (fl(mbbﬁ,f{)bg) — 2f1(3’§‘5=§"$51,,§') + fl(ﬁl’,s'L:g,il’.éL_g)>
2
_ _ MSSM Oy i(67,+6 , i i i
O] = ('-L'}-'“,b_r_.) (SL'}‘L bL) C’4(5) =7 2 sin 20, sin QHRGI(éL+éR) (f4(5)(lgﬁ‘§:ﬂgb§) - f4(5)(35R!§"-3'§L.:(})
g
O; = (3rbr) (3rbr)
. —f4(5)(ﬂ*§'ﬂ,§'=ﬂ*5L__§)+f4(5)(51f:<fﬂ.§-.ﬂf§¢.§)):
OS - (SRbL) (S'RbL): ~MSSM MSSM
_ _ C"l - 01 LR -
O4 = (Srbr) (SLbR)
— 15 —_.15
Os = (5xb;) (3.0%)

Sensitive to mass splitting ofS and b
and their mixing.

Only G (QMSSM) is generated if only LL(RR) exists.
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My = MM+ R)

= AmM[1 + R|

1+ R|= 0771507 (exp) = 0.19(th)

~ 3 By(i1p) ( Mg, )2
R = ) + ) = £,
(1) = &) + E1(pp) + 1B, 0m) \ o) =) &

L L Bs(u) ( Mg, )zéa
4 By (:uh) Tn‘b(xuh) + m'S(;ub) T
Eilp) = CPU5Y () /CTM ().

() = CPPY () /CT ()

Sy

Bs—-Bsbar mixing and Bs—->KK
Seungwon Baek
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Re Smlgﬂ:t& 5f(%§/), m; =05 (TeV)

& =m/2

0.6 0.8 1 1.2 1.4 1.6 1.8 2 0.6 0.8 1 1.2 1.4 1.6 1.8 2

msz, (Te\}j msz, (Te\})

B— Xy constraint  BR“P(B — Xv)/BR*™ (B — X¢y) = 1.06 = 0.13
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Figure 2: Contour plots for |1 + R| in (61,6, ) plane. (a) mg, = 1.0 (TeV).
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Figure 3: Contour plots for |1+ R| in (0y,0g) plane. mz, = mz, = 0.6 (TeV). (a) 6, =g =0
(b) 65, =0,0r = m/2. We assume both LL and RR mixing exist. The rest is the same with figure 1.
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In the SM,

A(B = KYK™) =~ ViV [T+ (P, — P))| + V; Ves (P — P))
= ViV, 155 + ViV, P,

C

A(B) — K'K") ~ Vi, Vi T + Vj Vs P
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e The SM amplitudes are fixed by B—/AK
modes by flavor-SU(3) symmetry, including
factorizable SU(3)-breaking effect

o ABY — K°K®) ~ VAV, % + ViV, PP

1. BR(BY — K°K®) = (0.96 +0.25) x 10~

2. Ay =T — p : QCDf, free of IR divergence
and

Ag = (1.094+0.43) x 1077 +i(—3.02 £ 0.97) x 1077 GeV

—0.2 < A% < 0.2 A, (B"® K'K°)=- 012"

3. cft.
S. Descotes—Genon, J. Matias, J. Virto (06)
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Figure 1: SM predictions for the CP asymmetries

A (BY—KtTK™)
(=)

-1k,
-0.2

—Ol.l O O.Il 0:2
Agi (B = K°K?)

in B — K'KY (up) and B? — K+K-

(down) as a function of Ag;(BY — KYK"). As explained in the text, the preferred range is the
non-shadowed half of the plots [Adir[Bg — K°KY) > 0].
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® My, =M

o 250 GeV < my,.m;

Ea

dr, R

=
br. R

SRH,L

o — T <OLR<T

o —7w/4<fpp<T7/4

Seungwon Baek

Bs—Bsbar mixing and Bs—->KK

mg = 250 GeV

< 1000 GeV
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Re(A"e'™) x 107 Re(A%e'™4) x 10°

Figure 2: SUSY contribution to the NP amplitudes A*e!® (left) and .A%‘®¢ (right) in the scenario
with simultaneous LL and RR mixings. The dark regions correspond to the variation of the SUSY
parameters over the considered parameter space. The light regions satisfy the experimental bounds,

including the recent measurement of AM,.
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[sobreaking terms: Py

B \ 2 Il
“A(B - KYKT) = P T4 2Py + B+ PA

[ ecp  qop CD 20 EW _ EW _  EW
= A [u.? —(Lf —xug —)\uu.g—l—g(uﬁ, —ay . — X )9]

. 1 o
AB, — K'K") = P — 3 P, + PA

_ plgecp e QCD_}( EW  EW EW)

s~ — a4  — Xds 3 s —dy, — X

(10)
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Figure 3: Predictions, in the form of scatter plots, for the correlations between BR(B? —
KtK™) — Agip(BY — KTK™) (up) and A, (BY — KtK~) — Ag;;(B? — KTK~) (down) in
the presence of SUSY, for a) A% = —0.1, (b) A? = 0 and (c) A% = 0.1. The dashed rect-
angles correspond to the SM predictions. The horizontal band shows the experimental value for

BR(B® — K+K~) at lo.
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Figure 4: Predictions, in the form of scatter plots, for the correlations between BR(BY — K°K"Y)—
Agir(BY — KK (up) and A, (BY — K°KY) — A4;,(B? — KYK%) (down) in the presence of
SUSY, for (a) A% = —0.1. (b) A% = 0 and (c) A% = 0.1. The dashed rectangles correspond to
the SM predictions. These are quite small in the three lower plots, so they are indicated by a circle.

Seungwon Baek Bs—-Bsbar mixing and Bs—->KK 24



P o - - P o

QPN LN
COILICIUSIOLS

NP in the EW-penguin sector of 5—~7K'1s a
promising possibility.

* GNK scenario can give large enhancement to
EW penguins in SUSY.

 Amg gives a strong constraint.

 Large CPVs are possible in B, = AT K

and/or B, = KKY. The dlfferences between the
two modes signal NP in the EW-penguin.
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