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Objective:

To consider the possibility of using of spin-1
bottomonium decays with missing energy, to test
the models with a GeV or lighter DM,

more precisely, to test the parameter space
inaccessible or hardly accessible by other
approaches based on
DM scattering off nuclei (DAMA, XENON,
CDMS, CoGeNT experiments)

DM annihilation (PAMELA, HEAT experiments)
DM productions in B-meson decays with missing
energy



We consider
Y(1S) > ®P°
Y(3S) > ©P'y

within the class of light (mass ~ few GeV or less) scalar
DM models where these decays are due to exchange of
heavy virtual states (with a mass > My)

Other possibility that these decays are mediated by a
light (preferably resonant) degree of freedom have
been considered earlier:

Gunion, Hooper, McElrath, PRD 73, 015001 (2006):

P Fayet et al (in a number of papers).



GeV or lichter DM models: have in general tension
with satisfving Q. ..h* ~ 0.11

may be avoided if DM annihilates due to exchange of
light resonances (bevond the scope of the paper)

or, even if no light mediators, still may have no tension
with Q. b ~ (.11 for spin-0 DM, e.g

* WIMPless miracle (J. Feng, J. Kumar, etal.):
within the MSSM with gauge mediated SUSY breaking,
scalar DM particle in the hidden sector, or

* Tvpe-11 2ZHDM with light scalar DM,
if v,/v, =tan p >> 1, (Bird, Kowalewski, Pospelov)

Try to test this class of models, in particular using

Y decays with missing energy



Most recent experimental data - BaBaR:

B (Y(1S) — invisible) < 3 e 10+

and

B, (Y(3S) — v + invisible) <3 e 10-° for s'> <7 GeV

* May constrain light spin-0 DM models even if no
light propagators are exchanged in Y(1S) > ®®°
and Y(3S) > ©®" v.

* Bounds are derived on the parameters which cannot
be tested otherwise

Problem: bound on Y(35) — v + invisible is derived
assuming that the photon energy is monochromatic-
may be used to make only preliminary estimates of
possible constraints on ligcht DM models with non-
resonant DM production.



The approach:

integrate out heavy degrees of freedom, use low-energy
effective theory of fﬂur—pﬂrticle interactions:

H.;p = AT Z(* O;

O, = my, (ﬂ :’;) (P D) . ()9 = 1y, (E"};h) (P D),
O3 = (b7") (%i0,0) . Oy = (by"y5b) (2%i0, )

0 =1/2(0 — )

* The most general etfective Hamiltonian to the LO in
1/m, and 1/A;; expansions.

* One can perform model-independent analysis, then
applving the derived results to particular models
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To the leading order of L/Ay expansion Y(35) —> ®®" ¥ occmrs by means of bi-local interactions
The local operator matrix elements are parameterized as
(0] b(0)b(0) [T) = (0] b(0)¥sb(0) |T) = (O] b(O)*+5b(0) |T) =0
(0 b(0)y"b(0) |T) = frMxex(p). (0] b(0)a*b(0) |T) = —ify [ ', €x(p) |

In the constituent quark approach the non-local hadronic
operator matrix elements may be expressed as

(0] b(x1) T b(x2) |T) = e 'W/Er@T22) (0] b(0) " b(0) |T)



D(Y(1S) — ®8*) €2 fRus
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B(Y(18) — 9d*) = M35 — 4m,
B(T(1S) — ®2)=0  if ® =0 - may be inferred
without any derivation

By angular momentum conservation:

@ © must be a P-wave state - impossible because of the

Bose-Einstein svmmetry of identical particles.

* Signal for Y — invisible would mean that DM particle,
if being a light scalar, has a complex field nature.

* No signal implies some constraints on the models with
licht complex spin-0 DM.

BEEP(T('_IS') — invisible) < 3 e 10 leads to
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Mirror Fermion Models

—L=¢ (":\'F‘L ?;,H t'ij'L . /‘\;,H ?F’L !J‘R:I 1= h.c. o e

e.g. MSSM with gauge mediated SUSY breaking with
DM in the hidden sector and F-s as connectors

Two scenarios are considered
* Chiral scenario: e.g. A, , =0
* Non — chiral scenario: A, =A,; = A,
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Chiral scenario: e.g. A, , =0
B ,(Y(1S) > @ D) < 3 e 10 leads to
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Non — chiral scenario: A, =A,; = A,
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* Bounds on A, — couplings are derived for the first time
* DM scattering off nuclei and/or annihilation lead to
constraints on A, and A, but not A,
* B— K + invisible and B, — invisible depend on

A, or a combination of A, and A, but not on A, alone

* In other words, study of Y(1S) - @ @ leads to bound
on parameters of the model that could not be

constrained otherwise




The other mode, Y(3S) > ® @ v, is relevant both if

O £ D" and if © =D". But it is a capricious mode!

For simplicity, I present formula for BR for & =®"
(qualitatively the analysis is true for @ £ ®©" as well).

For ® =®°

s .. ax [100GeVy
B(T{ij}l—}fIHI‘-'*,}ih.{,u%rw,.-g::E.Gx1""((_“13-&—{"-_5)( \ f ) f(zs)
35) AH

_.1 = — _'j:} I + y"l = Ei':p
; — e —hh, — —T& — Jd ' =
flae) = (1+570) VT=Bos — gl ")'”( NN )

i} i]
rp = Mg/ My 3¢

Recall that B, ,(Y(3S) — ¥ + invisible) <3 e 10-°
In many models B(Y(3S) —» @ @ v) is far below the
reach of experimental sensitivity (for C, < 1)



In many models B(Y(3S) > @ @ v) is far below the reach
of experimental sensitivity

E.g. in the Minimal Scalar DM Model

(SM + self-conjugate scalar gauge singlet odd under Z,)

Also, in mirror fermion models (with @ £ ©*),
chiral scenario A, = 0:
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Leads to a phenomenological upper bound on
B(Y(3S) > DD y)<1.57 e 107

Cﬂmpﬂre to the BaBaR limit
(Y(3S) — v + invisible) <3 e 1(0-°

-E‘Ji]]'



On the other hand, in some models,

C,, « heavy-to-light fermion mass ratio > 1
or

C,, o tanf > 1 in large tanp scenario

Then one may have

BY(3S) > ® D' y) ~10°5-10+

= One may have constraints on the model parameters!



Mirror fermion models,
non — chiral scenario: A, , =A,; = A,

B.(,(Y(1S) > @ D7) < 3 e 10+ leads to

N PN N
5 Fy ) _ nmy,
U\h[ < 1.22 (1{]“(7(1 (] J'f“{%{l:-'})

May be improved as B(Y - @ @ v) o« (Mg, /m,)?
Preliminﬂr}' estimate from
(Y(3S) — v + invisible) <3 e 1(-°

-E‘X[}

A, | < 0.5, |A,| <0.05, [A;| <0.9 respectively for

Mg, = 100 GeV, Mg, =200 GeV, My, = 400 GeV



One estimates also to have rigorous bounds from

B(Y > @ ®v) o tan® B on the parameters of
tvpe-11 2ZHDM with light self-conjugate scalar DM.

So, it is not simple... but one can get constraints on
the light spin-0 DM model parameters when studying
Y > ® D v decay

Experimental studies of Y — v + invisible for the
photons with non-monochromatic energies are
encouraged



Conclusions and Summary

* Y(1S) > @ @ and Y(3S) > © @ v have been
studied within the models where ligcht DM

production is due to exchange of heavy degrees of
freedom.

* B(Y(1S) — invisible) < 3 e 10 leads to constraints
on the licht DM model parameters that cannot be
tested by the other DM search experiments

* Bounds may also be derived from study of
Y > @ P y. We encourage experimental groups to
analyze data for Y — v + invisible for non-
monochromatic photon energy as well.
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FIG. 3: The differential branching ratio dB(T(35) — ®d+)/dé versus the missing mass /5 within

a self-conjugate DM scenario for mg = 1 MeV (line 1), mge = | GelV (line 2), mg = 2 GeV (line

3) and mg = 3 GeV (line 4).
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