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WHAT IF WE COULD SEE IN THE DARK??7?

The 5th force: DARK FORCE
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Possible coupling between dark matter
and ordinary matter

Carried by a massive gauge boson —
It wouldn’t be so dark after all, would shed a light on the dark matter.
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DETECTION TECHNIQUE

Events [/ GeV
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Bump hunt in the invariant L
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CMS Collaboration (Boer, W.)
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https://arxiv.org/abs/1309.0721
https://arxiv.org/abs/1309.0721

WHY SEAQUEST?
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SEAQUEST

qtarget

Drawing: T. O’Connor
and K. Bailey

% Primarily studies sea anti-quarks in different nuclei targets through Drell-Yan
interactions.
% The SeaQuest spectrometer detects the dimuons.
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EVENT TRIGGER & RECONSTRUCTION

Bend plane view
Mass=7.0GeV X=.0,.2, 4
SM3

Trigger of possible dimuons
coming from interactions in
the dump and target.

7/

< Able to reconstruct dimuon’s:

> Momentum / energy
> Mass
> Vertex position
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DRELL—YAN VS. DARK PHOTON IN SEAQUEST
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DRELL—YAN VS. DARK PHOTON IN SEAQUEST
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DARK PHOTON IN SEAQUEST

. _08m [ Ey 10-4\? /10MeV\ 2 n.n°
A T (mcev) c ( M ) W

o = distance traveled

Nesr = number of decay products
Eo = dark photon energy
mga = dark photon mass

e = coupling between standard model and dark sector

Michelle M. Medeiros - Using the SeaQuest Spectrometer to Search for Dark Photons @ 15



DARK PHOTON IN SEAQUEST

. _08m [ Ey 10-4\? /10MeV\ 2 n.n°
A T (1UGeV) c ( M ) W
1

o = distance traveled

Nesr = number of decay products
Eo = dark photon energy
mga = dark photon mass

£ = coupling between standard model and dark sector

Charactenige the dank photon
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PROJECTED SENSITIVITY IN SEAQUEST

AR/ BaBar
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% Can probe ¢ with values as low as 107
% Able to probe wide mass range, from

Vi Gl s it T
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S. Gardner, R. J. Holt, A. S. Tadepalli
Phys. Rev. D 93, 115015, 2016
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THE CHALLENGES IN SEAQUEST

Create a simulation that includes all the possible dark photon channels.
Optimize the trigger for dark photons (next experiment: E1067).
Optimize the reconstruction to find displaced events.

Separate candidate events from the possible background.

Analyze and take into account all the systematic errors.
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THE CHALLENGES IN SEAQUEST

Create a simulation that includes all the possible dark photon channels.
Optimize the trigger for dark photons (next experiment: E1067).
Optimize the reconstruction to find displaced events.

Separate candidate events from the possible background.

Analyze and take into account all the systematic errors.

Convince the scientific community that we found dark photons.




PRELIMINARY SIMULATION

Proton beam Decay to

_ Select eta Decay to Go through
+iron dump articles dark photon + muon pairs the detectors
interactions P SM photon P
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PRELIMINARY SIMULATION

Proton beam Decay to

_ Select eta Decay to Go through
+iron dump articles dark photon + muon pairs the detectors
interactions P SM photon P
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523 dimuons from dark photon
decay in the fiducial region
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TRACKING OPTIMIZATION IN SEAQUEST

< Optimization of the track finding for events downstream.
% Optimization of the track fitting using Kalman filter for events downstream
with mass in the sensitivity range for dark photons.




TRACKING OPTIMIZATION IN SEAQUEST

% Optimization of the track finding for events downstream.

7/

% Optimization of the track fitting using Kalman filter for events downstream
with mass in the sensitivity range for dark photons.

CHALLENGE:

“fish” Drell-Yan events “ events downstream

M
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RECONSTRUCTION OF “FISH” DRELL—YAN EVENTS

) | CQtation 1

Ignores vertex downstream
and attempts to find the
event vertex as close to the
target as possible.




RECONSTRUCTION OF “FISH” DRELL—YAN EVENTS

% Ignores vertex downstream
and attempts to find the
event vertex as close to the
target as possible.

) | CQtation 1

oy

Normalized events

— Simulated events at 500cm

— Reconstructed events

0.

% Fails to correctly reconstruct the
vertex for events downstream in

the dump — dark photons events 02
will come from this region.
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OPTIMIZING THE TRACKING IN SEAQUEST

SOLUTION:

q.x<0 q.x>0

% Vertex downstream: before sign
changes reconstruction direction

% Vertex upstream: after sign changes




OPTIMIZING THE TRACKING IN SEAQUEST

K/

% Vertex finding optimization.

-

% Optimized cuts for dark photon events: sagitta
ratio used in the track finding.




Normalized events
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OPTIMIZING THE TRACKING IN SEAQUEST

K/

Simulation for events at z = 500cm.
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Vertex distribution
centered at the simulated
vertex.

Finds > 3 times the
number of events.
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___EpPisopE VII
| - =>  Analysis of real data.
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1. Finish optimizing the tracking reconstruction.
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1. Finish optimizing the tracking reconstruction.
2. Analyze real data with the optimized version.
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1. Finish optimizing the tracking reconstruction.
2. Analyze real data with the optimized version.
3. If we see a peak in the mass, publish. Collect Nobel Prize.
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Finish optimizing the tracking reconstruction.

Analyze real data with the optimized version.

If we see a peak in the mass, publish. Collect Nobel Prize.

If not, use simulation to set limits on the mass and coupling.

Publish.
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BACK UP
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Pasitron fraction

Unexpected excess of positrons

INDIRECT EVIDENCES OF DARK MATTER

from satellite data.
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Pasitron fraction

Unexpected excess of positrons
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% No anti-proton excess, meaning
that the source of positrons should
be:
> Below1GeV,or
> Interact mainly with leptons
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10

&
INDIRECT EVIDENCES OF DARK MATTER S

Unexpected excess of positrons < No anti-proton excess, meaning
from satellite data. that the source of positrons should
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° AMS-02 ‘ 1 > Below1 GeV, or
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% Gamma-ray excess from galactic center.




Timeline of SeaQuest

Commisskorning num

*  All detector
subsystems work

*  Issues and upgrades
addressed

. Main

& upgrades

injectar

= Siahle operation of
all detector sub
systems

+ Dark photon road
sets included mto the
trigger system

* Mew Sty installed
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= |mproved

duty factor
= Continwe data
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+ Installation of
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DAarRk PHOTON DEcAY MODES
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