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Leptonic decays of Ds-meson
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Leptonic decays of Ds-meson

* decay rate of a pseudoscalar meson

1 mi\ 2
(P — ) = g-GlVaa P pmimp (1~ T )

CLEO,BaBar,Belle
b =257.3%5.3 [MeV]

PRD82,091103; PRD79,052001;
PRL100,241801, ...

FNALMILC,HPQCD

M =248.9 + 3.9 [MeV]

Pos LATTICE2010, 317(2010);
VU arXiv: 1008.40 1 8[hep-latt].
|

\—’ |.3-sigma deviaton

The “fps-puzzle” has disappeared.
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However, this result constrains NP contributions.

— “interference effect of multi c3hanne|s in NP”’ is important.




Leptonic decays of B-meson
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our purpose

® possibilities of New physics to these processes:
® Two-Higgs doublet models (THDM) Ann etal (10), Akeroyed etal (09), Akeroyd etal ('07)...
® |eptoquark models Dobrescu etal (08), Benbrik etal (09), .
® R-parity violating SUSY (w/ “single coupling dominant hypothesis”)

Beak etal (’99), Dreiner etal ('02), ... Bhattacharrya etal (’10)

® 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 humber of SUSY particles should appear in interaction vertices
— proton is stable
— lightest SUSY particle (LSP) is stable --> could be a candidate of cold dark matter
R-parity violating interaction (RPV)
® as a consequence, there are lepton- & baryon- number violating operators
® phenomenological interests
- neutrino mass w/o ultra-heavy Majorana neutrinos Hall, Suzuki (’84)

= LSP is unstable, but gravitino could be dark matter Buchmuller etal ('07)
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set up (1)

R-parity violating superpotential (trilinear int.)

1 1
I\ : SUB)c SU2)L U(1)vy
A, A AT RPV couplings 0 3 2 1/6
we set the baryon number violating coupling_ 7, = 0 U g* 1 —2/3
) _ . D 3 113
‘ L1 2 12
PHu >9 <a, E 1 1 1/

u u

previous studies on RPV couplings: ...Barger etal(‘89),
Bhattacharyya ('97),Allanach etal(’99), Dreiner (‘07)...

Feyman diagrams of decay P(u,dp) — liv;
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set up (2)

*The new physics contribution is parametrized by

2 2

. |GrVia, + AL AL

P = ) + 2 , 2
Gr |V, a, i) G |V 4

- second term in r.h.s. = leptons in final state are flavor off-diagonal

*Decay rate:

1 7112 2
, 1;
[P — lLiv;)) = —rsG%|V) db|2f12_-;m,2.mp l——
STT=—= “ ‘ mp




set up(3) : RPV processes

2
‘GFV* db ‘|‘ AP

/r 2 * . . 2 * 2
G2, |v db i) G |Vuadb
1
WR — i)hijkLiLjEk + )\;jkLi QjDk
)\;ak
Ug | l; Ha li
o Neab Akji
(@),
: (%),
dp Vj d Vj
)‘;bk ’ !
3\ \x 1 m2 5 )‘lt: )‘;c b
Py ok bk AP = P )k
(At Z ( s>] 2fmli mua+mdb];1 Tr?rl%
de Lk




set up(4) : MSSM process

2 2
, _ [GrVia + Al 45
r = + 5
G% Vuadb ](7&%) G% VJadb
U/a /é,l/
> H™
db Vj
2
AL = —GpV* d tan® 3 —
" ¥ tady My, + Mg, m%{_ ( ’ ma, )
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set up(3) : RPV processes

2
‘GFV* db ‘|‘ AP

/r 2 * . . 2 * 2
G2, |v db i) G |Vuadb
1
WR — i)hijkLiLjEk + )\;jkLi QjDk
)\;ak
Ug | l; Ha li
o Neab Akji
(@),
: (%),
dp Vj d Vj
)‘;bk ’ !
3\ \x 1 m2 5 )‘lt: )‘;c b
Py ok bk AP = P )k
(At Z ( s>] 2fmli mua+mdb];1 Tr?rl%
de Lk
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Numerical Study (1)

inputs
V.| = 1.023+£0.036, |Vip| = (3.89+0.44) x 1072,
mp, = 1968.47+0.33 MeV, mp+ = 5279.17 + 0.29 MeV,
adopt the central values as references
. lervia, vz AR[*
rp =
assumptions GH Vi o i) Gh |V o i
e final state:7vr — S—
P . .
ewe set 4;; =0 for ¢ 7 J (constraints from LFV)
et-channel: sbottom exchange
es-channel: smuon exchange (Akss, k# 3)
2 2
D 9 iy 9,9 9 my
(P — lLivy) = —rpGe|Vy 4l fpmimp (l - g’)
. . 8 o® . ms
constraints on new physics !
EXP SM
— = rTr
rp. = 1.03+0.04 P P
S — E—
ros = 1.43 +0.21
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Numerical Study (2)

. 2 __ 2
[assumptions] ® )\ = | Nos|? = AogoAdas

e squark/slepton masses: m = 100 GeV

D, — 1v
s * P
2 a7 7 ‘GFV’U,CLdb _I_A’L’L
— -channel only 7" P f— "
smssamene s-channel only

1.8 | = (54+1) channels GF | Vua,db |

i i d ; YA
L [ ) USSR SE—— SR Y A — — /, ,,,,,,,,,,,,, i

' ' J ' ' / '

| ! s ! ! /. |

z r L 7

: L t-channel only
1-2 { ' 3 :' 1 | ' 3
o - " R —— (AP _ Z mk)‘jbk
1T R T e 1 de
0.6 i (AP) _ 1 me Z Alt]z)‘;cab
s /1) 2\/§ml1 mua —|— mdb —1 fn’lrl%

0.4l AY , . . ' Lk

Pos s / 5 5

AV . B —— s+t) channels
0.2 ‘._ :Y\\ | ’ ,~ : /\2 : A;‘ ‘- - /\h“/\:.’ ( )

Y, i

0 01 02 03 04 os 06 07 08 09 1

cancellation between the s- and t-channel amplitudes!
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|- sigma allowed regions (7p, = 1.04 4 0.03)
1p A

0.8
0.6

s-ch. *

02

*
233

1

222

-0.2

/

-04
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|)‘§,23|2 t-ch.

(AP) 1 23: )‘;akA%k
t /1] 2
4\/5 k=1 mJRk
1 2 3 \* '_>\/
Ay = - ey it
Qﬂmli Mg + My | = TnflVLk

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

— S

e squark/slepton masses: m = 500 GeV
e \ )\ (t-ch.) of Ds -> always positive

e signs of )/ )\/(t-ch.) and ) )/ (s-ch.)

- same :
due to destructive 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 < [Agosl? < 1.2 (t-ch)

_04 < )\533)\/222 < O (S'Ch)
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BT — TU

|- sigma allowed regions

T T T T | T T T T t T T T T

0.03

* combination of opposite sign of s, t-
channel couplings is constrained
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0.01
s-ch. P g
= S —— :
2 F E
001 E =
002 =
_0.03 : 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 :
0.1 -0.05 0 0.05 0.1
/ /
A313A333
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3 / /%
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t /)] - 2
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42 = i
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s /)] - 2
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BT — TU

|- sigma allowed regions

0.03

* combination of opposite sign of s, t-
channel couplings is constrained
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-0.0
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0.03

0.02

-0.01

-0.02

BT — TU

|- sigma allowed regions

-0.03 _
-0.1 -0.05 0 0.05 0.1
/ /
)\313)\3%3
t-ch.

1 23 NiakAjbk
AP R Lar’” g
(A )i 44/2 1 m2

1

dRk

2 3 * /
mp Z /\kjiAkab

2V/2my, M, +ma, F= M

2
lpk
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| —
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* combination of opposite sign of s, t-
channel couplings is constrained
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BT — TU

|- sigma allowed regions

0.03 [ T T T T | T T T T t T T T T
= f
002
001k
s-ch. P
< ok
001E .
002 =
_0.03 : 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 1
20.1 20.05 0 0.05 0.1
!/ !/
)\313)\3%3
t-ch.
3 / /
(AP) . 1 Z Aiak)‘j?)k:
t /vy 2
4\/§ —1 mJRk
3 /
APy — 1 m% NejiMkab
( s )ij - Z 2
2\/§le mua + mdb k=1 m~
= Irk
k
rp, = |GpVE + A+As/GrV|

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

e t-channel coupling is constrained by
BT — ntup

Nisk (dRr)x Ny

dr,

(VL)i

(vL);

h13nes < 2.5 X 1072 PLB68I,44 (2009)

for BR<| x 104 @BaBar,(PRL94, 101801 (2005))
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BT — TU

|- sigma allowed regions

0.03 T T

- f L L

- ' * combination of opposite sign of s, t-
0.02 . . .

3 channel couplings is constrained
0015 * t-channel coupling is constrained by

s-ch. B Bt Lo
3 - — T VV
- F . Njsk (dr)k A

001 br > - - - i dr,

= _ (vL)i
002 =

3 E (v1);
00T '-0{05' 0 'o.losl o / 9

13553 B13M\ng3 < 2.5 X 107° PLB68I,44 (2009)
t-ch.
for BR<| x 104 @BaBar,(PRL94, 101801 (2005))

Ay = L5 N

[V o o .

W2 Mg, -> for positive t-ch coupling,
Py __ L omp NijiMkab 2 5

(AD)i; = 2ﬁmlimua+mdbk§ o 1.9 x 1072 < Ay Adq3 < 2.6 x 10~

lpk

L GRVE 4+ A+ AJCRV —0.5 x 1072 < Ay13A555 < 0.1 x 1077
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RPV-LFV interactions

assumptions
o final state: Tv; (j = e, i)
ewe set (rp2)i=|

e squark/slepton masses: m = 500 GeV
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2.2
2.1

19
1.8
1.7

1.5

13E

1.2
1.1

09
0.8
0.7
0.6

RPV-LFV process :B™ — Tv

BO — T + lj
slepton s-channel exchange

( 5 ury, TR dL TR
B
Nets My * >\;<;1_3_ Y
................... ) (o) (7L)k
R

/ _____________ )\k23)\213 (BO — T,LL) < 4.3 X 10_3

for BR < 28 x 102-6 @BaBar(PRD77,091104(2008))

k23 \13 S-Ch.

107

for BR<22 x 104-6 @BaBar(PRD77,091104(2008))

rp+ ~~ 11

taking account of contributions from Ax13As13 (B” — Te)and AgazMs (B® — 7p),
re=~1.3.
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RPV-LFV process :B™ — Tv

, | sdown t-channel Bt — 7tup

3 | 3 exchange
N

= (4R),
1.6 = :

:_ /

- j3k

"B+ 14 -

= B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 94, 101801 (2005)
1277

= / / —2

= i for BR<I x 10 @BaBar(PRL94, 101801 (2005))
ogbl — o onl o B REE

10” 10

PLB681,44 (2009)
N3k t-ch. rg+ ~ 1.1
(4,7 # 3)
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’I‘Ds

1.12 g

1.11

1.1
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1.07 g----
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1.01

1
0.99
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0.97
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0.95 Bl

RPV-LFV process : Ds — TV

0.01

0.1
Ao

1
. t-ch.

22k

sdown t-channel T— i+
exchange Y
/
A39 ijM\}tm /.
| T : J
I
' (dr | 7
(), B> C ' (dr),
|
V; |
A;Qk J | < T
/
32k

é2k>‘/12k (7' — 67)

for Br < 3.3 x 10~% @ BABAR (PRL104 ,021802(2010))

BorA90p, (T — py) < 0.29

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

Bhattacharyya etal, NPB831,344(’10)

rp, ~ 1.0+ O(107%)
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1.2

1.18
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1.08

1.06
TD3104

1.02

0.98
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0.9
0.88

RPV-LFV process : Ds — TV

.
________________________________ .

|
|

0.001

0.01 0.1

Ae23Ag22 S-Ch.

slepton
s-channel exchange

T—1li+n

Akj3
TR TR : T L

\

\

/ A
22 * ([L)k \\

Vj

SR

>‘k13)‘k22 T — 677)

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

k23)‘k22 7'—>,LL77)<78><10 3

forBr <« 2.3 x 10~% @ BELLE (ICHEP2010)

Li etal, PRD73,073005

rp. ~ 1.0+ O(107°)
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summary

leptonic decays of Ds and BA+ mesons are studied in SUSY-SM
with RPV interactions (beyond “single coupling dominance
hypothesis”)

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 flavor off-diagonal interactions are
discussed under constraints from LFV experiments
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_GFVJad

Tndb
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indirgetseareh e e tan 3 = 30
——e tan 3 = 50
----------- __:_—m-‘i---'—-_i-_‘
““““““ _——’1'___—._:-_-:-_-—-—'—'E_-—.—-—.
o g = =
,’ -’ :

600

800

Tnj{—((;G‘/)

1,000

2
"My, + Mg, M7,

0.6}

0.4

0.2+

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

o e o o
: —— :
Y

600 800

Tﬂj{—((?@‘/)

1,000

26



chrged hlggs BT — v

|- sigma allowed regions

0.03

blue : RPV only
green : RPV + charged Higgs

002E

s-ch. input mpy- = 300GeV
<0 tan 8 = 50

etaking account of
(RPV + charged Higgs) contributions,

-0.01 f

-0.02

0.5 X 1072 < Ay 133555 < 2.0 x 1072

Ny s\ | | | —1.2x 1072 < \ 513933 < —0.5 x 10~ 2
t-ch.
for positive t-ch. coupling
2
_ mdb mP 2 My,
A _GFVUadbm rmg, %I (tan p— m_db>

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

X
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BR(B® — I;1;) [x1077]

RPV-LFV process :B™ — Tv

BO — T + lj
sIepton s-channel exchange

TR
)‘k13 _ ) >\k;1_3_ B
(In)k

GETTED)

[ affmimm|
0 1 2

I I I I I
5 6 7 8 9

AkjsAks [x107%] s-ch.

I I
3 4

Mi23 A3 (BY — Tp) < 4.3 x 1073
for BR < 28 x 10A-6 @BaBar(PRD77,091 104)

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

G4m
(Q — qeve) = < o5 [Voul* f(mg /md)

fr)=1—-8r+8 —r* —12r%Inr

2
5% /
Db diFl) = = T (A’“?’Akzg)

1251273\ mZ

Br(b — cere) = 0.11

T'(b— difl;)

Br(b — dIl") = L(b — cev,)

Br(b — ceve)

Br(BT — nTe*puT) < 0.17 x 107°
HFAG




Back up slides

T'(b— difl;)
['(b — cev,)

Br(b — d|i+|j_) = Br(b — ceve)

/
)‘k:13)‘7€23

2
<>‘;cli3>\k23)
2
1 "o z3.7><102><((

T 32G2 Va2 f(m2/m2)

mz, /100GeV

— A3 dk2s < 2.1 x 107°

f(m?/m3) ~ 0.484
Vo = (40.6 £1.3) x 1073

Br(BT — nte*pu¥) < 0.17 x 1076

HFAG
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