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A Brief Look at Dark Matter

 First observed by Knut Lundmark in Sweden in the 1930's and
later Fritz Zwicky at Caltech using galaxies in the Coma
Cluster.

 Later, Ford and Rubin show that these unexplained rapid orbits
were seen in every galaxy.

Observations - . . - -
. from starlight L Observations from:

/r21.cm*hydrogen

. Velocity =~ | -
e Rm e MO ¢

. Expected from
" thevisible disk: -

—
— '
_—
—

) 20,000 30,000 40,000

. °  Distance (light years)

08/17/21 Michael Revering, University of Minnesota



Why are we so convinced
that it Is a new particle?

Left: The foreground cluster
gravitationally lenses the blue
background galaxy into multiple
images.

Gravitational Lens
Galaxy Cluster 0024+1654

Hubble Space Telescope - WFPC2

Right: The Bullet Cluster
X-ray image (pink) superimposed over visible
light (galaxies) and gravitational lensing data
(blue). @I
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Planck’s Power Spectrum of the Cosmic

Microwave Background.
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Baryon density (10-3! g cm3)

Relative abundances produced in primordial
nucleosynthesis as a function of Baryon
density.

 Results from CMB measurements and observed relative
abundances are both incompatible with baryonic dark matter.

08/17/21

Michael Revering, University of Minnesota



001 g
0.001 |
00001

10s |

__..
g 2 3
e o =

o
A
=

._.
e
%

Comoving Number Density
) =)

._.
=

10-17 |
10- |
100 §
10w b

Thermal Dark Matter

10-¢

1014 i

10-18 b

- e

sl oo sood soond voisl 3 iiued o0

e T ——

100
x=m/T (time -)

Thermal dark matter freeze out for different
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annihilation cross sections.

DARK MATTER DENSITY
IN THE S0LAR SYSTEM
15 AROUND 0.3 GeVers

5 .THAT A LOT?

?f

IN TERMS OF MASS,

IT MEANS THE EARTH
CONTAINS ONE SQUIRREL
WORTH OF DARK MATTER
AT ANY GIVEN TIME.

ikt

15 THERE ANY WAY
TO FIND OUT WHICH
SGUIRRH, mis?

NO IT'S NOT
LITERP\LLY-—

e CMB sets DM mass
density.
 Freeze out and mass

density connect cross

section to DM mass.
e Lower mass — Lower
Cross section.
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OH, THAT EXPLANS WHY
THEY WEIGH ENOUGH TO
SET OFF THOSE SPINNING
BIRD FEEDERS!
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“Light” Dark Matter

-Can be charged under
-DM Freezes out weak force

after neutrinos -Well| explored phase space

A/Ie\/ ~ M, GeV ~m,, + mz h ~ 10sTeV
- I
AN f LDM “WIMPs” QX > Opu
-Difficult to observe with -Mass too high to

traditional searches produce relic

abundance

08/17/21 Michael Revering, University of Minnesota



Dark Bremsstrahlung

e Rate is proportional to € i H
* We use a dark photon (A)
for demonstration, signal is
largely model independent. e
Al

A' Production Cross Section for 100 GeV p off Brass
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Event Signature
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° - Large muon energy loss.
1000
- High muon angular deviation.

- No additional visible particles.
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Using CMS to find Dark Matter

* CMS is a collider experiment.

* Need to use secondary particles produced in a
collision instead of direct from a beam.
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What do we actually gain by using
CMS?

» CMS already exists
* \We can use muons as our incident particle

Thermal Dark Matter , g, =1, mz = 3m,
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Selecting Muons

Look for Z - pu events

Trigger using fully reconstructed

- muon.

Identify candidate muon via track
which makes invariant mass near Z
peak.

Look for signal via /

disappearance of
candidate.
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Why look Iin the Calorimeter?

* Previously attempted _
to reinterpret result LrT (I)/OTZ

from CMS tracker. cus simvon
ol e men

- [TEc Bl e ana Tio [ Beam Fipe]

e Low tracker thickness
resulted in weak limit.

» HE thickness (~100 X,
>> ~0.7 X, for tracker.
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2018 HCAL Endcap (HE) Upgrade

NS i e e * Photodiodes in endcap replaced with
S o2 Silicon Photomultipliers.
= 2016, sqrt(s)=13 TeV

 New SiPMs add necessary depth
segmentation and signal resolution.

Response=exp(~Lumi[fb~"yD)
.5/ Fit only to data from 2012
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* Only endcaps were upgraded for 2018

o] o v data, barrel will be available for run 3.

Delivered Int. Luminosity, !
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Backgrounds

Missed Muons
HE Missed Muon Background

= 1
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Backgrounds

Hard Bremsstrahlung

* VVeto using additional

energy deposits from g
photon. £ 1
. . . ;? H“:-‘ET\?_“‘_“H“T?-—..______DQ
« Can estimate contribution 2T P =N
using Monte Carlo. v o 1
| | {1 0.2 (k3 {16 (5 E:Ea/EI“
e Validate with data control o |
: . Bremsstrahlung differential cross section
regions containing phOtOn for several different beam energies. Note
: that the axis is final photon energy, where
depOSItS' earlier graphs where final lepton.
14
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pH+X

e Events where the

selected probe track

doesn't originate
from a real muon.

 Study with control

region with poor
Isolation.
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Signal Simulation

« Unique challenge for this
> e v e T type of analysis.
2501 —140UJ
- 120  Muon energy loss before
200;' DM interaction can change
_ " kinematics.
1501
mf_ e Signal implemented in
5 GEANT, imported into
sk CMSSW.
N R R * MOdiﬁed Custom Physics
| | 4 list, all other changes
Locations of Simulated Dark . .
Bremsstrahlung interactions in CMSSW pe rfO 'm ed Via p I u g INS.
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Outlook

« Studying how pileup effects our signal selection
efficiencies.

 Upgrade of HE provides a unique opportunity to
look for a well motivated DM signal in a
relatively open phase space.

* Many potential ways to improve the study with
future detector upgrades.
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