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Theoretical Background (l)
Baryogenesis and Dark Matter

 According to this theoretical model [Baryogenesis
and Dark Matter from B Mesons, G. Elor et al.

arXiv:1810.00880] both baryogenesis and dark
matter can be explained from B-Mesons decays.

* Only three conditions must be required:

* B-mesons out of thermal equilibrium in the early
Universe

 CP violation (would be enough with the SM one)

« Baryon number violation

l}(

c g — v+ Baryon + X

* We are looking for decays like:

 And Baryogenesis rate would be given by:

Y5 o E Ajl % Br(Bf; — 1 + Baryon + X}

-

g=5.d


https://arxiv.org/abs/1810.00880
https://arxiv.org/abs/1810.00880

Theoretical Background (ll)
Decays to Dark Matter

g‘ e An extension of the Standard Model is
ol reauired. being the minimal one:

LD —ywY ub® — ;y¢SY'LB.SC + h.c.

R/ « Other flavour configurations are
S A ™ S
. b u A accepted.
d——-d . 12GeV < m,, < 4GeV. Lower limit is

given by neutron star stability, while the
higher one by the energy available in a B-
meson decay
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Theoretical Background (lil)
Branching ratios of the process

 For this model, high BR to DM are
allowed, given certain values of lepton
charge asymmetry.

» Many configurations ofAl?d are possible,

even those predicted by the Standard
Model.

« The values ofAl?d define the Branching
Ratio plot.



The LHCb experiment for DM

* We can’t measure Missing Energy in
LHCDb, since it is not a closed detector,

making our decays hard to study.

« BaBar and Belle are better suited
experiment for this (BaBar already doing
a paper on this).

* On the other hand, we have sensitivity
for more modes, such as A,, B, decays or

*k
BS2O resonances.




Decay Channel
BY = yA*, A* - pK~

BT = wAT(2595), AT (2595) - Afn n",Af - pK n~

Available channels for DM

Reconstruction

Efficiency * We can only reconstruct those events in
Signal which we detect every particle in the final
state according to:
39 %
* pr> 0.25GeV and € (2,5)

419  Z(AF)<B00mMm and p(A7)<80mm

 This is a standard configuration for LHCb
because of the VELO.

* We chose these two flavour configurations of
all the available ones by the Lagrangian
because they are good candidate for LHCDb.

 These kind of topologies are useful because
we can obtain the decay point of the B-
meson.
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Some useful definitions (1)

* Now we’d like to obtain somehow
efficiencies for this processes and for
theirs backgrounds.

 For this we study the DOCA (Distance Of
Closest Approach) of the reconstructed
baryons with the rest of p, K, 7, e, u in the
LHCb acceptance. This is a way of
measuring the isolation (expected higher
for processes involving DM).

« Same goes for the IP (Impact
Parameter) of the Baryons.



Some useful definitions (ll)

« Combinatorial Background: pK pairs coming from the same vertex with an invariant mass close
(1.3 - 1.6GeV) to A* mass (1.52 GeV). We exclude explicitly all of those pairs coming from an
actual A*,

 Real Baryon Background: A*, AT that don’t come from decays to Dark Matter-.
- Signal: A*, AT that come from a decay involving Dark Matter.
 Every particle must be in the LHCb acceptance.

* For these concepts we can define the efficiencies:

_BG __ #A* - BR(A* — pK™)-¢ _signal_ #Bs - BR(B? — ¥A*) - BR(A* = pK™) - ¢
BB # eventS BB # events



First Results (I)

=

o
=
1

Arbitrary Units

=

o
o
1

DOCA distribution of A" IP distribution of A daughters
2
1 DOCA signal 10 1 7T 1 IP signal
1 DOCA bg : 1 IP bg
[ 1 DOCA combinatorial I [ 1 IP combinatorial
101 94 H

Arbitrary Units
=
<
/ ;
f =
rl | |
f —
I_I
—

/
/7

;

lHl

Tt

T

>

o4
=
[
|'

o —
[
N

T 10_2 = 1 T T 1

0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
DOCA(mMm) IP(mm)

Cut: DOCA(A*)>0.02mm Cut: IP(A*)>0.0



DOCA distribution of AJ
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First Results (ll)

IP distribution of A daughters
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Efficiency per BB pair
+
Baryon K
v A A;
Combinatorial 163(73)e-4
Background
Real Baryon 1.82(91)e-7 147(78)e-T
Background
Signal OB 83 79(952 e B4(11) LA
Combinatorial Yield 1.22e12
Real Baryon Yield 1-36e9 1.1e9
Signal Yield 1.34e13 1.88ef1
x Br(B? — wA*) X Br(B™ — ywA)

First Results (lll)

For the chosen decays we can estimate
the efficiency per BB pair.

This numbers have been calculated
taken into account the previous cuts,
based on the distributions that | showed.
Keep In mind that these can be
optimizable

Yield (6=500mb and L=15fb™1): N = ¢L=
7.5 x 101°

For Branching Ratios in the order of 1072
this decays could be found on Run 3.
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Missing pt distribution for different masses
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S = WIP and Further Steps (1)

) o Z §§ * We now want to improve these numbers
i as much as we can. For this we have

IJ f thought:
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WIP and Further Steps (ll)

* We now want to improve these numbers
as much as we can. For this we have
thought:

» Using the BS*2 resonance to improve

background - signhal discrimination
[Search for the lepton flavour violating
decay BT — K*u~t" using B, decays,
LHCDb Collaboration arXiv:1409.8548]

2 = m?> assuming a 2GeV

Wher :
: ere Mmiss W

Mass.

14


https://arxiv.org/abs/1409.8548
https://arxiv.org/abs/1409.8548

Conclusions

One of the key designh objectives of the LHCb experiment is to search for B-meson decays.

This makes the experiment an excellent candidate to search for these sighatures, even with
invisible particles in the final state (i.e. A, = puv).

For the SM predictions ofAl‘ll the DM could be found on LHCD!

Relatively low branching ratios are measurable from sighal-background discrimination, below
those allowed by the model.
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