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Leptonic decays of Ds-meso

¥ decay rate of a pseudoscalar meson
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Leptonic decays of Ds-meso

¥ decay rate of a pseudoscalar meson
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Leptonic decays of Ds-meso

¥ decay rate of a pseudoscalar meson
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The Ofs-puzzl® has disappeared.
However, this result constrains NP contributions.
| Ointerference effect of mult?j channels in NPO is important.




Leptonic decays of B-mesor

BaBar,Belle
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our purpose

¥ possibilities of New physics to these processes:
¥ Two-Higgs doublet models (THDMjun etal (510), Akeroyed etal (08). Akeroyd etal (50
¥ Leptoquark modelsoobrescu etal (508), Benbrik etal (09), .
¥ R-parity violating SUSY (w/ Osingle coupling dominant hypothes

Beak etal (099), Dreiner etal (002), ... Bhattacharrya etal (O

¥ Investigate possibilities of by R-parity violating SUSY-SM
beyond the single coupling hypothesis




R-parity

¥ R-parity
Rp = (_1)3(B—L)—|—25

¥ B: baryon number, L: lepton number, S: spin quantum number
¥ SM particle : R-even (+1), SUSY particle : R-odd (-1)
¥as a consequence, even number of SUSY particles should appear in interaction ve
- proton is stable
- lightest SUSY particle (LSP) is stable --> could be a candidate of cold dark matte
¥ R-parity violating interaction (RPV)
¥as a consequence, there are lepton- & baryon- number violating operators
¥phenomenological interests
- neutrino mass w/o ultra-heavy Majorana neutrin@si, suzuki ('84)

- LSP is unstable, but gravitino could be dark mat&ichmuller etal ('07)
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set up (1)

R-parity violating superpotential (trilinear int.)

1 1
Wi = é)\ijk LiLjEx + Nj LiQjDg + 5 ik UDjDx  (i,5,k =1,2,3)
N/ - SUB3)c SUR2)L U(1)y
A, A, AT RPV couplings o 3 > 176
we set the baryon number violating couplin, =0 U 3* 1 1 2/3
) _ o D 3* 1 1/ 3
; >9_8_< L 1 2 1 1/2
T u U, ,'I E ]_ ]_ 1
u u
previous studies on RPV couplings: ...Barger etal(O89),
Bhattacharyya (097), Allanach etal(099), Dreiner (O07)...
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set up (2)

¥The new physics contribution is parametrized by

# H#
B i B o
, #GpvuidbjLA,ﬁ’# $ AL
LS S S S
F ﬂ/uadb# j(?’l) F ﬂ/uadb#

- second term in r.h.4. leptons in bnal state are 3avor off-diagonal

¥Decay rate:
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set up(3) : RPV processes

#GFV*d—FAP@ $ #AP@
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7bk
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set up(4) :MSSM process

i i
TP = H H
# ? # ..
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Ua '
=17
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my, + Mg, M My,
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o= . ? + 2
- 2 *
GE W a,™ i71) Gg ﬂfuadb#
ll 1/
WRZE ijk Likj B+ Li Qj Die
|/ 1
1a
U, . | . » Ug l
o ! kab kji
(@)
k w o
I !L
< | « k
db ) | / VJ db Vj
7bk
IR N 1 M 3 |>lIél'i(&b
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set up(3) : RPV processes

#GFV*d—FAP@ $ #AP@
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Numerical Study (1)

iInputs
IV.s] = 1.023% 0.036, |V,;| =(3.89+ 0.44) x 10°°,
mp, = 1968.47+ 0.33 MeV, mp: =5279.17+ 0.29 MeV,
adopt the central values as referenc . - 5 B
Geve g +ANE 8 ﬁéliﬁ-’#
. Tp = —+
assumptions G2 fa/u*adb% (#1) G2 #%*adb#ﬁ

¥pnal statew
¥ve setd;; =0 for ik (constraints from LFV)

M-channel: shottom exchange
¥-channel: smuon exchanges. k#3)

2

I 9 9 , 9,9 9 ’”2 }
r(]’ — Ill/_[) B 2 '1'7)(:;'““‘ d)l..fi')”ll. mp (1 - 12.)
. . ST ane ' mae
constraints on new physics '
EXP SM
— =7
rp, = 1.03 £+ 0.04 P P

L — N

rpe = 1.43 4+ 0.21
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Numerical Study (2)

[assumptions] ¥i2= ! 3230° = ! 20! 233
¥squark/slepton masses: = 100 GeV

D, — 1v
2 -

_|GrVy 4, + AL

! ’
— -channel only 7" P
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i i d ; YA
1.6} NN SRR S 7 A -~ . — — /, ,,,,,,,,,,,,, i
! ! s : ! / '
! ! s ! ! /. !
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1.2
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i | - . =
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| = Ik
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0.2 MR ’,« . FAT = Mg = AN (S t) cha €ls
i CUE Y / i | { {

Nz

0 01 02 03 04 05 06 07 08 09 1

cancellation between the s- and t-channel amplitudes!
13
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1- sigma allowed regiorisp, = 1.04 + O.i)

s
0 02 04

06 08 1 12 14 16 18 2

/ 2
| A303] t-ch.
(AP)-- _ -1 13 ! ;ak! ﬁ)k
t /) 4 5 ~ m%
k=1 dri
1 m2 !3 I * 1 !

2 2my; My, + M, mTsz

rp, = |GrVy + A+ As/GFV]

| ———

————

¥squark/slepton masses:= 500 GeV
¥/ )\ (t-ch.) of Ds -> always positive
¥signs of)\’ )\’ (t-ch.) and, )’ (s-ch.)

- same :
due todestructive interference
between s-ch and t-ch,

RPV couplings can be large

- opposite :
due to constructive Interference
between s-ch and t-ch,
RPV couplings are constrainded
> 0 < |Njsl? < 1.2 (t-ch)
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BT — TU

1- sigma allowed regions
1 T T T T t T T 1

003

¥combination of opposite sign of s, t-
channel couplings is constrained
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BT — TU

1- sigma allowed regions
T | T T T T
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—— S

¥combination of opposite sign of s, t-
channel couplings is constrained
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BT — TU

1- sigma allowed regions
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¥combination of opposite sign of s, t-

channel couplings is constrained
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003 T

1- sigma allowed regions

BT — TU

o

¥combination of opposite sign of s, t-
channel couplings is constrained

¥t-channel coupling is constrained by
BT — mup

002E

D
O
=

/ *
>‘213>\233
]

Nisk (dRr)x Ny

- br, > - dr,
—0.01: ~
. E (V)i
—0.02:— —;
3 E (vL);
00T '-055' 0 'obsl o / /s _9
N\ 313333 < 2.5 X 10™° PLB681,44 (2009)
t-ch.
for BR<1 x 16 @BaBar,(PRL94,101801 (2005)
(AP), = 1o Liak! ok
t /1) 4 ék:j- mgzlle
(AP); = 1 2 mg ' e

2 imh My, + Mg, k=1 mTZLk

rp, = |GrV}, + Ay +As/GRV]
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BT — TU

0.03_||||| It

002E

1- sigma allowed regions

D
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/
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001
-0.02 =
_0.03 _ 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1
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/ /
)\313)\?;33
13 ! 1%
P P e e
(At )ij T 4 9 m2
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2 13 x|/
(AD); = ! = 1 mp " T kit kab
S .
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¥combination of opposite sign of s, t-
channel couplings is constrained
¥t-channel coupling is constrained by

BT — nTui

Nisk (dRr)x Ny

dr,

(VL)i

(vL);

/

L3 nes < 2.5 x 1072 PLB681,44 (2009)
for BR<1 x 16 @BaBar,(PRL94,101801 (2005)

-> for positive t-ch coupling,
1.9 X 1072 < Ay130533 < 2.6 x 1072
—0.5 x 1072 < Ay13A555 < 0.1 x 1077
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assumptions

RPV-LFV Interactions

¥bnal staterv; (j
¥ve set (rR)i=1
¥squark/slepton massea: = 500 GeV
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RPV-LFV procesB8+ — rv

2-2I B0—>T—|—lj

slepton s-channel exchange

/ U d TR
1.9 Qy) ’ / " ’ /
18 etz Ak Ak13 Ak
1.7 - "’ AN
LgEF e e A " (Lo )k (7L)k
R " -

15 T 1-sigma

1.3E

B+ 1.4E l
izléi ______________________ ‘/Q / _____________ )\k23)\;€13 (BO — T,LL) < 4.3 X 10_3

for BR < 28 x 10"-6 @BaBar(PRD77,091104(20(

0.9F
03? ) 0 5
0.6
1(')_4 e 1(') for BR<22 x 10"-6 @BaBar(PRD77,091104(2008

rp+ ~~ 1.1

taking account of contributions fromisAis (B® — 7¢)  andas);.; (B — )
re~1.3.
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1.8
16
"B+ 14

1.2

0.8H

RPV-LFV procesB8+ — rv

sdown t-channel
exchange

/
A?lk

B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 94, 101801 (2005)

N Nigp, < 2.5 x 1077
for BR<1 x 16 @BaBar(PRL94, 101801 (2005)

PLB681,44 (2009)

B+ ~ 1.1
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’I‘Ds

RPV-LFV processl), — 1v

1.12gm
1.11
1.1
1.09
1.08
1.076----7
1.06
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1.04
1.03

1.02
1.01

0.99
0.98
0.97
0.96

0.9584l

0.1

Ny N t-ch.

22k

sdown t-channel T— 1+
exchange !
r N

A\ Jj2k I
‘32k T I > "
| |
(@), B> C ' (dr)
| | k
| V . |

A;Qk J | < T

/
32k

é2k>‘/12k (7' — 67)

for Br < 3.3 x 10~% @ BABAR (PRL104 ,021802(201C

BorA90p, (T — py) < 0.29

for Br < 4.4 x 10~ @ BABAR (PRL104 ,021802(2010

Bhattacharyya etal, NPB831,344(010)

rp, ~ 1.0+ O(107%)
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1.2

1.18
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1.14

1.12

1.1

1.08

1.06
TDS 1.04
1.02

0.98
0.96
0.94
0.92

0.9
0.88

RPV-LFV processl), — 1v

/ \
________________________________ §

slepton

T—1li+n
s-channel exchange

Akj3

CES * (IL)w \\

Vj

SR

|
|

>‘k13)‘k22 T — 677)

for Br < 4.4 x 10~® @ BELLE (ICHEP2010)

0.001

0.01

0.1

Ny (T — <7.8x1073
)\k23)\1<;228 ch. Ak23 Ak )
forBr <« 2.3 x 1078 @ BELLE (ICHEP2010)
Li etal, PRD73,073005

rp. ~ 1.0+ O(107°)
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summary

leptonic decays of Ds and B+ mesons are studied in SUSY-SM
with RPV interactions (beyond Osingle coupling dominance
hypothesisO)

both constructive and destructive interference between s- and t-
channel amplitudes are possible

because of cancellation between s- and t-channels, size of RPV
couplings cannot be restricted so that production/decay of SUSY
particles through RPV interactions may be enhanced without
conflicting the data of leptonic decays

contributions from the Ravor off-diagonal interactions are
discussed under constraints from LFV experiments
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"'Ds

0.99 |

0.98 |,

0.97 +

0.96

AL

D, — v

charged higgs

| G Via,
u

mdb

2
mp

---------------
Y
o
3

0.95 %

I
tanf =2 |
. . : --------- tanﬁ — 10
indirect search _6......... B —30 -
—-—- tan 3 = 50
P
- '5’-"—-— d : :

600

800

mg- (GGV)

1,000

a+mdbm2!

tan®$ !

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

0.6}

0.4

0.2+

o e o o
: ——
Y

/

/tanbeta= 50 ]

/

600 800 1,000
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chrged higgsBt — v

1- sigma allowed regions

0 -03 FrrrrrrrTt | IIIIIIIII | IIIIIIIII ? IIII ”lr

002E

blue : RPV onl

green : RPV + charged Hig

INput my- = 300GeV
tan 8 = 50

Making account of
(RPV + charged Higgs) contributions,

001L

s-ch.

/ *
213>‘233
=

-0.01 f

-0.02

0.5 X 1072 < Ay 133555 < 2.0 x 1072

09%3 . . .
Ny s\ —12x107% < Ap13A35 < —0.5 X 1072
t-ch.
for positive t-ch. coupling
ur m2 me
P $ Ua
Afy = %GEVE - +bmdb m{;ﬂ- tanz,B%m—db

rp = |GFVy a4 + A+ As + Ag /GFV, 4 |

X
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BR(B® — I;1;) [x1077]

RPV-LFV proces8:t — 7v

5 :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII |IIII|IIII|IIII|IIII|IIII|III:

BO — T + lj
slepton s-channel exchange

TR
)‘k13 _ ) >\k;1_3_ B
(In)k

CGETNED)

Ai23 A1 (B — mp) < 4.3 x 1073
for BR < 28 x 10"-6 @BaBar(PRD77,091104)

for BR<22 x 10"-6 @BaBar(PRD77,091104)
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Back up slides

2 m>
Gg m3

Q! gele) = 199" 3

Vo ol*f (m&/m §)

f(r)y=211 8 +8r3! r*! 12°Inr

sy 1omg k13 k23
Br(b — ceve) = 0.11 B ) =1 512?3 kﬁgék
| .. L(b! dl:lj_) | |
Br(b! dI. ] ) = C(b! cd.) Br(b! celg)

Br(BT! | tetpT)< 0.17" 10°°

)" (
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Back up slides

C(b! dif )

Br(b! dIf ") = BT o)

/ 2
Ak 13 Ak 23
2
1 mg.

" 32G2 |[Vo|2f (M2/m 2)

f(mé/mg) ! 0.484
Vep = (40.6 + 1.3) !

Br(BT! ! tetpT) < 0.17" 1076

)" (

Br(b! celg)

: /
| 37" 102" Ak13 M 23

(mbk / 10&36\/)2

— 1l 4al k23 < 2.1 x 1072

10! 3
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