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General Idea

● Missing energy decays of heavy mesons. Are 
they due to neutrino or DM?

● Some data for missing energy decays is not 
available. Our results provide motivation for 
these studies.

● Compare results for DM production with 
current experimental bounds and try to rule-
out the light DM
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● Theory ● Experiment
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Formalism

Bq ! ÂÂ decays

h0j b°¹q jBqi = h0j bq jBqi = 0;

h0j b°¹°5q jBqi = ifBqP
¹

h0j b°5q jBqi = ¡i
fBqM

2
Bq

mb +mq
:
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Various DM scenario

● Scalar DM  - allows to avoid Lee-Weinberg 
bound.

● Fermion DM (Dirac or Majorana)
● Vector DM. Don't know about any model with 

spin=1 DM but provide results for generality

H(s)
eff = 2

P
i
C
(s)
i

¤2 Oi



  

Scalar DM

O1 = mb(bRqL)(Â¤0Â0);

O2 = mb(bLqR)(Â¤0Â0);

O3 = (bL°
¹qL)(Â¤0

$
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O4 = (bR°
¹qR)(Â¤0

$
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Scalar DM

O1 = mb(bRqL)(Â¤0Â0);

O2 = mb(bLqR)(Â¤0Â0);

O3 = (bL°
¹qL)(Â¤0

$
@ ¹ Â0);

O4 = (bR°
¹qR)(Â¤0

$
@ ¹ Â0);

Most likely there is NO radiative decay. 



  

Scalar DM
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Examples of Scalar DM

¡LS =
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[1] C.P. Burges, M. Pospelov and T. ter Veldhuis, Nucl.Phys. B619, 709 (2001); 

Minimal Scalar DM model [1]

C
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Allowed region is below the line

Allowed region is above the line



  

Fermionic DM
H(Â1=2)

eff =
4

¤2

X

i
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Q1 = (bL°¹sL)(Â1=2L°
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Hidden Valleys[1]

[1] M. J. Strassler and K. M. Zurek, Phys. Lett. B 651, 374 (2007)
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Right-Handed neutrino[1]

C4 =
g2

8

®

2¼ sin2 µW
¤ = MWR

J.-M. Fr¶ere et al.[arxiv:hep-ph/0610240v2]



  

Majorana Fermions DM [1]
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[1] C. Bird, R. Kowalewski and M. Pospelov, Mod. Phys. Lett. A 21, 457
(2006)
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Red, Green, Blue and Purple correspond to:
tan¯ = vu=vd = 1; 10; 100 and 1000



  

Vector DM
O1 = mb(bLqR)V¹V

¹; O4 = (bR°¹qR)V ¹ºVº ;

O2 = mb(bRqL)V¹V
¹; O5 = (bL°¹qL)eV ¹ºVº ;

O3 = (bL°¹qL)V ¹ºVº ; O6 = (bR°¹qR)eV ¹ºVº ;

where eV ¹º = (1=2)²¹º®¯V®¯ and q = s; d

xÂ C1=¤2; C2=¤2; C3=¤2; C4=¤2; C5=¤2; C6=¤2;
GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2

0 0 0 1:4 £ 10¡8 1:4 £ 10¡8 8:9 £ 10¡9 8:9 £ 10¡9

0:1 1:2 £ 10¡9 1:2 £ 10¡9 1:5 £ 10¡8 1:5 £ 10¡8 9:1 £ 10¡9 9:1 £ 10¡9

0:2 5:1 £ 10¡9 5:1 £ 10¡9 1:5 £ 10¡8 1:5 £ 10¡8 1:0 £ 10¡8 1:0 £ 10¡8

0:3 1:3 £ 10¡8 1:3 £ 10¡8 1:6 £ 10¡8 1:6 £ 10¡8 1:2 £ 10¡8 1:2 £ 10¡8

0:4 2:9 £ 10¡8 2:9 £ 10¡8 1:9 £ 10¡8 1:9 £ 10¡8 1:9 £ 10¡8 1:9 £ 10¡8

Table 1: Constraints (upper limits) on the Wilson coe±cients of operators from
the Bq ! Â1Â1 transition.



  

Summary

● Considered possibility of DM production in 
heavy meson decays

● Demonstrated that it is possible to constrain 
DM properties

● Motivation for experimental studies of missing 
energy decays

● Light Dark Matter can be potentially ruled out



  

BACKUP



  

C257 + C268 · 5:15 £ 10¡16

0:02(C13 +C24)
2 ¡ 0:23 ~C1¡8 + 1:32(C257 + C268) + 0:05C57C68 · 7:09 £ 10¡16

0:08(C13 +C24)
2 ¡ 0:46 ~C1¡8 + 1:24(C257 + C268) + 0:22C57C68 · 7:58 £ 10¡16

0:18(C13 +C24)
2 ¡ 0:69 ~C1¡8 + 1:10(C257 + C268) + 0:48C57C68 · 8:66 £ 10¡16

0:32(C13 +C24)
2 ¡ 0:93 ~C1¡8 + 0:92(C257 + C268) + 0:86C57C68 · 1:15 £ 10¡15

Cij ´ Ci ¡Cj

~C1¡8 ´ C13C57 +C24C57 +C13C68 + C24C68

Fermionic DM general limits



  

Fermionic DM upper bounds on 
Wilson coefficients

xÂ C1=¤
2; C2=¤

2; C3=¤
2; C4=¤

2; C5=¤
2; C6=¤

2; C7=¤
2; C8

GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV

0 { { { { 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £
0:1 1:9 £ 10¡7 1:9 £ 10¡7 1:9 £ 10¡7 1:9 £ 10¡7 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £
0:2 9:7 £ 10¡8 9:7 £ 10¡8 9:7 £ 10¡8 9:7 £ 10¡8 2:5 £ 10¡8 2:5 £ 10¡8 2:5 £ 10¡8 2:5 £
0:3 6:9 £ 10¡8 6:9 £ 10¡8 6:9 £ 10¡8 6:9 £ 10¡8 2:8 £ 10¡8 2:8 £ 10¡8 2:8 £ 10¡8 2:8 £
0:4 6:0 £ 10¡8 6:0 £ 10¡8 6:0 £ 10¡8 6:0 £ 10¡8 3:6 £ 10¡8 3:6 £ 10¡8 3:6 £ 10¡8 3:6 £

Table 1: Constraints (upper limits) on the Wilson coe±cients of operators the
Bq ! Â1=2Â1=2 transition. Note that operators Q9 ¡Q12 give no contribution
to this decay.

xÂ C1=¤2; GeV¡2 C2=¤2; GeV¡2 C3=¤2; GeV¡2 C4=¤2; GeV¡2

0 6:3 £ 10¡7 6:3 £ 10¡7 6:3 £ 10¡7 6:3 £ 10¡7

0:1 7:0 £ 10¡7 7:0 £ 10¡7 7:0 £ 10¡7 7:0 £ 10¡7

0:2 9:2 £ 10¡7 9:2 £ 10¡7 9:2 £ 10¡7 9:2 £ 10¡7

0:3 1:5 £ 10¡6 1:5 £ 10¡6 1:5 £ 10¡6 1:5 £ 10¡6

0:4 3:4 £ 10¡6 3:4 £ 10¡6 3:4 £ 10¡6 3:4 £ 10¡6

Table 2: Constraints (upper limits) on the Wilson coe±cients of operators from
the Bq ! Â1=2Â1=2° transition. Note that operators Q5 ¡Q8 give no contribu-
tion to this decay.
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Formalism

Bq ! ÂÂ decays

h0j b°¹q jBqi = h0j bq jBqi = 0;

h0j b°¹°5q jBqi = ifBqP
¹

h0j b°5q jBqi = ¡i
fBqM
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mb +mq
:
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h°(k)jb°¹qjBq(k + q)i = e ²¹º½¾²
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h°(k)jb°¹°5qjBq(k + q)i = ¡ie
£
²¤¹ (kq) ¡ (²¤q) k¹

¤ fBA (q2)

M

h°(k)jb¾¹ºqjBq(k + q)i =
e

M2
²¹º¸¾

£
G²¤¸k¾ +H²¤¸q¾ +N(²¤q)q¸k¾

¤

Bq ! Â Â °decays

fBV (E°) = fBA (E°) =
fBqMBq

2E°

³
¡QqRq + Qb

mb

´
+ O

³
¤2QCD
E2
°

´
´ fBqMBq

2E°
FBq ;

where R¡1q »MBq ¡mb, and FBq = ¡QqRq + Qb

mb
» MBqQb¡mb(Qb+Qq)

mb(MBq¡mb)
.



  

 

  12

h°(k)jb°¹qjBq(k + q)i = e ²¹º½¾²
¤ºq½k¾

fBV (q2)

M
;

h°(k)jb°¹°5qjBq(k + q)i = ¡ie
£
²¤¹ (kq) ¡ (²¤q) k¹

¤ fBA (q2)

M

h°(k)jb¾¹ºqjBq(k + q)i =
e

M2
²¹º¸¾

£
G²¤¸k¾ +H²¤¸q¾ +N(²¤q)q¸k¾

¤

G = 4g1; N =
¡4

q2
(f1 + g1)

H =
¡4(qk)

q2
(f1 + g1); f1(g1) =

f0(g0)

(1 ¡ q2=¹2f(g))2

Bq ! Â Â °decays



  

 

  13

Various DM scenario

● Scalar DM  - allows to avoid Lee-Weinberg 
bound.

● Fermion DM (Dirac or Majorana)
● Vector DM. Don't know about any model with 

spin=1 DM but provide results for generality
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P
i
C
(s)
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¤2 Oi



  

 

  14

Scalar DM

O1 = mb(bRqL)(Â¤0Â0);

O2 = mb(bLqR)(Â¤0Â0);

O3 = (bL°
¹qL)(Â¤0
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O4 = (bR°
¹qR)(Â¤0
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Scalar DM

O1 = mb(bRqL)(Â¤0Â0);

O2 = mb(bLqR)(Â¤0Â0);

O3 = (bL°
¹qL)(Â¤0

$
@ ¹ Â0);

O4 = (bR°
¹qR)(Â¤0

$
@ ¹ Â0);

Most likely there is NO radiative decay. 
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Examples of Scalar DM
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[1] C.P. Burges, M. Pospelov and T. ter Veldhuis, Nucl.Phys. B619, 709 (2001); 

Minimal Scalar DM model [1]
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Allowed region is below the line

Allowed region is above the line
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Fermionic DM
H(Â1=2)

eff =
4

¤2

X

i

CiQi

Q1 = (bL°¹sL)(Â1=2L°
¹Â1=2L) Q2 = (bL°¹sL)Â1=2R°

¹Â1=2R)

Q3 = (bR°¹sR)(Â1=2L°
¹Â1=2L) Q4 = (bR°¹sR)(Â1=2R°

¹Â1=2R)

Q5 = (bLsR)(Â1=2LÂ1=2R) Q6 = (bLsR)(Â1=2RÂ1=2L)
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Hidden Valleys[1]

[1] M. J. Strassler and K. M. Zurek, Phys. Lett. B 651, 374 (2007)

C1 =
GF kg

0®MZMZ0

2g
p

2 sin2 µW
VtbV

¤
tsX(x) and ¤ = MZ0

Black, red and green correspond to g1k = 1; 0:1 and 10 respectively
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Right-Handed neutrino[1]

C4 =
g2

8

®

2¼ sin2 µW
¤ = MWR

J.-M. Fr¶ere et al.[arxiv:hep-ph/0610240v2]
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Majorana Fermions DM [1]

¹Â°¹Â = 0 ¹Â¾¹ºÂ = 0

¡Lf =
M

2
¹ÃÃ + ¹ ¹~Hd

~Hu + ¸d ¹Ã ~HdHd + ¸u ¹Ã ~HuHu

Â = ¡Ã cos µ + ~Hd sin µ sin2 µ =
¸2uv

2
u

¸2uv
2
u + ¹2

m1 = M

µ
1 ¡ ¸2uv

2
u

¸2uv
2
u + ¹2

¶

C5 = C6 =
VtsV ¤tb tan b

(16¼)2v3sm

µ
¸d¸uvu¹

¸2uv
2
u + ¹2

¶
mbm2

t ln at
(1 ¡ at)

and ¤ = Mh

[1] C. Bird, R. Kowalewski and M. Pospelov, Mod. Phys. Lett. A 21, 457
(2006)
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·́ ¸d¸uvu¹
¸2uv

2
u+¹

2

Red, Green, Blue and Purple correspond to:
tan¯ = vu=vd = 1; 10; 100 and 1000
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Vector DM
O1 = mb(bLqR)V¹V

¹; O4 = (bR°¹qR)V ¹ºVº ;

O2 = mb(bRqL)V¹V
¹; O5 = (bL°¹qL)eV ¹ºVº ;

O3 = (bL°¹qL)V ¹ºVº ; O6 = (bR°¹qR)eV ¹ºVº ;

where eV ¹º = (1=2)²¹º®¯V®¯ and q = s; d

xÂ C1=¤2; C2=¤2; C3=¤2; C4=¤2; C5=¤2; C6=¤2;
GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2

0 0 0 1:4 £ 10¡8 1:4 £ 10¡8 8:9 £ 10¡9 8:9 £ 10¡9

0:1 1:2 £ 10¡9 1:2 £ 10¡9 1:5 £ 10¡8 1:5 £ 10¡8 9:1 £ 10¡9 9:1 £ 10¡9

0:2 5:1 £ 10¡9 5:1 £ 10¡9 1:5 £ 10¡8 1:5 £ 10¡8 1:0 £ 10¡8 1:0 £ 10¡8

0:3 1:3 £ 10¡8 1:3 £ 10¡8 1:6 £ 10¡8 1:6 £ 10¡8 1:2 £ 10¡8 1:2 £ 10¡8

0:4 2:9 £ 10¡8 2:9 £ 10¡8 1:9 £ 10¡8 1:9 £ 10¡8 1:9 £ 10¡8 1:9 £ 10¡8

Table 1: Constraints (upper limits) on the Wilson coe±cients of operators from
the Bq ! Â1Â1 transition.
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Summary

● Considered possibility of DM production in 
heavy meson decays

● Demonstrated that it is possible to constrain 
DM properties

● Motivation for experimental studies of missing 
energy decays

● Light Dark Matter can be potentially ruled out
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BACKUP
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C257 + C268 · 5:15 £ 10¡16

0:02(C13 +C24)
2 ¡ 0:23 ~C1¡8 + 1:32(C257 + C268) + 0:05C57C68 · 7:09 £ 10¡16

0:08(C13 +C24)
2 ¡ 0:46 ~C1¡8 + 1:24(C257 + C268) + 0:22C57C68 · 7:58 £ 10¡16

0:18(C13 +C24)
2 ¡ 0:69 ~C1¡8 + 1:10(C257 + C268) + 0:48C57C68 · 8:66 £ 10¡16

0:32(C13 +C24)
2 ¡ 0:93 ~C1¡8 + 0:92(C257 + C268) + 0:86C57C68 · 1:15 £ 10¡15

Cij ´ Ci ¡Cj

~C1¡8 ´ C13C57 +C24C57 + C13C68 + C24C68

Fermionic DM general limits
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Fermionic DM upper bounds on 
Wilson coefficients

xÂ C1=¤
2; C2=¤

2; C3=¤
2; C4=¤

2; C5=¤
2; C6=¤

2; C7=¤
2; C8

GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV¡2 GeV

0 { { { { 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £
0:1 1:9 £ 10¡7 1:9 £ 10¡7 1:9 £ 10¡7 1:9 £ 10¡7 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £ 10¡8 2:3 £
0:2 9:7 £ 10¡8 9:7 £ 10¡8 9:7 £ 10¡8 9:7 £ 10¡8 2:5 £ 10¡8 2:5 £ 10¡8 2:5 £ 10¡8 2:5 £
0:3 6:9 £ 10¡8 6:9 £ 10¡8 6:9 £ 10¡8 6:9 £ 10¡8 2:8 £ 10¡8 2:8 £ 10¡8 2:8 £ 10¡8 2:8 £
0:4 6:0 £ 10¡8 6:0 £ 10¡8 6:0 £ 10¡8 6:0 £ 10¡8 3:6 £ 10¡8 3:6 £ 10¡8 3:6 £ 10¡8 3:6 £

Table 1: Constraints (upper limits) on the Wilson coe±cients of operators the
Bq ! Â1=2Â1=2 transition. Note that operators Q9 ¡ Q12 give no contribution
to this decay.

xÂ C1=¤
2; GeV¡2 C2=¤

2; GeV¡2 C3=¤2; GeV¡2 C4=¤
2; GeV¡2

0 6:3 £ 10¡7 6:3 £ 10¡7 6:3 £ 10¡7 6:3 £ 10¡7

0:1 7:0 £ 10¡7 7:0 £ 10¡7 7:0 £ 10¡7 7:0 £ 10¡7

0:2 9:2 £ 10¡7 9:2 £ 10¡7 9:2 £ 10¡7 9:2 £ 10¡7

0:3 1:5 £ 10¡6 1:5 £ 10¡6 1:5 £ 10¡6 1:5 £ 10¡6

0:4 3:4 £ 10¡6 3:4 £ 10¡6 3:4 £ 10¡6 3:4 £ 10¡6

Table 2: Constraints (upper limits) on the Wilson coe±cients of operators from
the Bq ! Â1=2Â1=2° transition. Note that operators Q5 ¡Q8 give no contribu-
tion to this decay.
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