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The MATHUSLA Detector

ssive iming odoscope for Itra table

To search for ultra long-lived neutral particles (ULLPS)

Decay very far from \

the interaction point Do not interact with SM particles
(ct~107 m)
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Why Search for Long Lived

Particles?

Dark Matter

Dark Energy

Hierarchy Problem
Matter/Anti-Matter Asymmetry

Many extensions to the SM contain LLP

» Hidden Valley

« StealthSUSY

« Baryogenisis Models

« 2 Higgs Doublet Models
» Hidden Sector Models

Interaction Strength—

[

Motivated searches for new physics

What we knqu

Energy -
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Current Searches

methods re-purpose ATLAS to select the

LLP decays in the ATLAS Calorimeters
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Specialized triggers and analysis

decays and reject background
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LLP is produced

Backgrounds typically QCD, cosmics, cavern
- 13Tey 321 f NS background, etc. depending on the analysis.

m, = 1000 GeV
m, = 50 GeV
— m, = 150 GeV
— m, =400 GeV RN
ATLAS Prelimi ”
reliminary Rore|y bQCkgrOUﬂd free!

1 10
s proper decay length [m]
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LHC Experiments have been busy!

— m;=110 GeV ATLAS
----- 50 GeV \s=8TeV, 19.5 b’
;=500 GeV
- - - m=800 GeV i 5 015 + 2016: 39.0 fb* (13 TeV)
- - M=1200 GeV : : - i :
..... Expected, 10 ms - 1000 s
I Expected +1s, 10 ms - 1000 s
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 [Ldt=(184-20.3) b  5=8TeV
Model Signature  [Ldt[fb] Lifetime limit Reference
lllll T T llllll‘ T T lllllll T T llTlllI T T lTIlllr T T LI
RPV 0 — eev/euv/uuy  displaced lepton pair  20.3 | ifetime 7-740 mm m(g) = 1.3 TeV, m(x}) = 1.0 TeV| 1504.05162
GGM 3 - Z& displaced vix + jets  20.3 | ] lifetime 6-480 mm m(g) = 1.1 TeV, m(x}) = 1.0 TeV 1504.05162
N AMSB pp — ¥:x).x,¥]  disappearing track 203 |7 lifetime 0.22-3.0m m(y}) = 450 GeV 1310.3675
%)
53) AMSB pp — xix%, ¥y X1 large pixel dE/dx 18.4 | xj lifetime 1.31-9.0 m m(y;) = 450 GeV 1506.05332
GMSB non-pointing or delayed ¥  20.3 xﬂ lifetime 0.08-5.4 m SPS8 with A = 200 TeV 1409.5542
Stealth SUSY 2 ID/MS vertices 195 | § lifetime 0.12-90.6m m(2) = 500 GeV 1504.03634
Hidden Valley H — mym, 2 low-EMF trackless jets  20.3 | o, lifetime 0.41-7.57 m m(m,) = 25 GeV 1501.04020
R
(=]
™  Hidden Valley H > mm, 2 ID/MS vertices 195 | lifetime 03125am m(r,) = 25 GeV 1504.03634 O >
1
o
cg FRVZ H — 2y4 + X 2 e—, u—, m—jets 20.3 v lifetime 14-140 mm H — 2y4 + X, m(yq) = 400 MeV 1409.0746
T FRVZHo 4ys+X 2 e—, u—, T—jets 20.3 | yau lifetime 15-260 mm H = 4y4 + X, m(yq) = 400 MeV 1409.0746
@ | Hidden Valley H — myr, 2low-EMF trackless jets  20.3 | , lfetime 0.6-5.0m m(r.) = 25 GeV 1501.04020 O V e rO g e
T]
1
0  Hidden Valley H - =7, 2 ID/MS vertices 195 | m, lifetime 0.43-18.1m m(x,) = 25 GeV 1504.03634
m
w0
% FRVZH — 4y + X 2 e—, u—, n—jets 20.3 ¥4 lifetime 28-160 mm H — 4y, + X, m(yy) = 400 MeV 1409.0746
I : ;
~ Hidden Valley & — mr, 2 low-EMF tracklessjets 20.3 |, lifetime 0.29-7.9m oxBR = 1 pb, m(r,) = 50 GeV 1501.04020
o
38 o
S §, Hidden Valley ® — mm, 2 ID/MS vertices 195 | =, lifetime 0.19-31.9 m oxBR = 1 pb, m(x,) = 50 GeV 1504.03634 e S '|' rI C '|' e d
(%]
~ Hidden Valley ¢ — m,71, 2 low-EMF trackless jets 20.3 x, lifetime 0.15-4.1m oxBR = 1 pb, m(x,) = 50 GeV 1501.04020
&5
g § Hidden Valley ¢ — mymy 2 ID/MS vertices 19.5 x, lifetime 0.11-18.3 m oxBR = 1 pb, m(m,) = 50 GeV 1504.03634
[
- HV Z'(1 TeV) — qugy 2 ID/MS vertices 20.3 m, lifetime 0.1-4.9m o%BR = 1 pb, m(m, ) = 50 GeV 1504.03634
£
Q HV Z'(2 TeV) — a.qy 2 ID/MS vertices 20.3 x, lifetime 0.1-10.1 m o%BR = 1 pb, m(m,) = 50 GeV 1504.03634
0.01 0.1 1 10 100
ct [m]
V; =8 TeV

*Only a selection of the available lifetime limits on new states is shown.
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Much Longer Litetimes Are Possible

Big Bang Nucleosynthesis

Limit comes from the n/p ratio

Conclusions: to access these
long lifetimes we need a
detector really far away, with no
background

Defines the upper limit on the lifetime
Approximately 0.1 seconds (107 or 10% m)
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arXiv: 1706.01920

ct =100 m

Robust against most variations and is considered conservative

ct=05m

CT=2m

cT
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https://arxiv.org/abs/1706.01920

MATHUSLA Overview

ATLAS/CMS
Detector

Surface Detector size is determined by acceptancel

Decay of
ULLP
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Overall Design

Q)
i g
Nops~Np, - Br(h = ULLP = SM) - €geometric ° :
bct :
x %
Al
ct — Lifetime of ULLP
b — kinematic constant: —2
mp—n-my

(less than 3 for 2 body decay
N, - 1.5 x 108 during HL-LHC

Egeometric
Fraction of 4«

covered by

MATHUSLA

" Then

® CT~107 M ‘ -~
- Need a to L=20m

collect a few * Egeometric = 10%




What Is The Sensitivitye

— mx=5GeV — mx=20GeV — mx=40GeV — MATHUSLA
(4 events)
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Some sensifivity
at the BBN limit
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That is bige

200 m x 200 m

(egeometric o} 0%)

Perhaps easier at CMS as they have
unused land already owned by CERN

—
—
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Detector Design 12
Q)
Internal design motivated by the : . . 5
differences between signal and G|OO| ': g Blghkefflmegcy elale il
background! almost zero backgroun s

4dd -

Two jets of charged (and neutral) particles
— Point back along direction of ¢
Point back to LHC interaction Point

. No Inferaction

Backgrounds:

« Cosmics from above

o u from LHC

« Atmospheric v from below (or above)
« v from LHC



Detector

Scintillator

Resistive Plate
Chambers

5 layers of RPC chambers

N/

Decay Volume

AN :

Precise timing.
~ 80ns to cross top to bottom

“Cheap” tracking chambers
Decent timing

W
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op/Bottom layer of Scintillator

Differentiate between upward and
downward going

Assure decay happened inside decay
volume.

Pointing back to origin of particle



Cosmic Muon Background

Pz

Signall

10 MHz rate (over 2002 m?)

« Downward fraveling
 NO vertex
* Hits bottom scintillator

—

Multiple ways to reject this background
Main worry: combinatorics with another background
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LHC Muons

Rate from HL-LHC is ~ 10 Hz

* Muons must have p ~ 70 GeV
to penetrate rock

« Some lack vertex

« Vertex-track multiplicity

—_

l/l7__ | ¢

— Bottom scintillator-plane efficiency crucial

O
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Upward Going Cosmic Neutrinos

~ 100 per year

* For muons above 300 MeV

« Does not point back to
detector

» For some forms of signal this
may be irreducible

« Combinatorics with cosmic ray

_ Willhave to be carefully measured

when LHC is furned off

O~
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LHC Neutrinos

~ few perrun

« Does point back to detector
« Vertex-track multiplicity
« Combinatorics with cosmic ray

This will need further study, but is a
very small background
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Anchoring The Background
Estimates

We are developing a GEANT-4 simulation to
better understand these backgrounds

And a fast simulation to aid
in detector design

We need some way to
anchor these simulations in
reality, however

Test Stand
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The MATHUSLA Test Stand

Repurpose D@
forward muon
scintillator paddles
(thanks, D@!)

AT
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Repurpose RPC's

from the Argo 7 m— “‘i\
. g r— i

cosmicC ray - e

experiment > ﬁ&:ﬁ

Place test stand in ATLAS assembly
building (P1)
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Test Stand Status

Stafus

 Scinftillator is being tested & characterized at CERN
« RPC’s will arrive any week now

« Support structures completing design/safety

« Aim to run in the fall of 2017 until winter shutdown

Goals

» Develop background rejection algorithms

« Understand algorithm performance in relation to full
MATHLUSA design simulation

 Trigger: proposed to have only upward and downward
going scinfillator pair

» The goal is not to hunt for signal with such a small
Egometric

« Create an LOI with a well understood background

estimation

)
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Conclusion

» A novelidea to cover the complete phase space for neutral decaying ultra
long lived particles

» Takes advantage of field's investment in the LHC
» Large Surface Detector — close to 200 x 200 m
» Composed of

» Top and bottom scintillator planes to record direction and if particles are thru-
and-thru

» 5layers of RPC's to reconstruct secondary vertex

» Low background requirements will make detector design and quality
conftrol important

» Oftherinteresting physics — like cosmic
ray bundles — being explored

» Always looking for new people
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