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"="n Long-lived particles

Particles have long lifetimes due to inaccessibility of states into which
they can readily decay (i.e. due to kinematics and/or couplings)

* Several examples exist already within the SM, e.g. muons T, ~ 2.2 ps

* Big Bang nucleosynthesis limit on long-lived new particles is ~0.1s (¢t ~10" m)

— Reasonable to expect that beyond-SM particles may also have long lifetimes,
particularly if they are light or have “feeble” couplings to the SM

Motivation | Top-down Theory IR LLP Scenario

RPV SUSY
GMSB
mini-split SUSY
Stealth SUSY

Naturalness ;\xzn9s_
Sgoldstinos

Various theories of beyond-SM el o bt g R
physics (e.g. supersymmetry) 1 rommeom '
“naturally” include particles L

that can be long lived:

BSM=/—LLP
tdirect production of BSM state o

direct productio

.
SMA+V (+8)==4.._ exotic Z
decays

WIMP Baryogenesis
Baryogenesis Exotic Baryon Oscillations
Leptogenesis exotic Higgs
decays

Minimal RH Neutrino —————————

with U(1)a-1. Z'

. with SU(2)r Wi

Neutrino long-lived scalars

Masses with Higgs portal
from ERS

Discrete Symmetries:




" Searching for LLPs

Displaced
Decay

wy ~
woL~

Muon System

LLP searches have been identified by
the [HL-]LHC community as a growing
priority

* High centre of mass energy gives
access to heavy states that may be
coupled to LLPs (e.g. Higgs)

* Very high luminosity (HL-LHC)
However, the LHC could be

making LLPs that are effectively
invisible to its main detectors

Neutral long-lived particles (LLPs) cannot be
directly detected in experiments

* Instead, the SM decay daughters must be detected
and the LLP reconstructed based on the displaced
decay vertex

* If the decay length ct is too long, the decay can
occur outside of the detector fiducial volume

«  “Missing energy” searches are possible, but these
signatures can be challenging due to resolution,
background, and trigger issues

£) LHC/HL-LHCPlan
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(MAssive Timing Hodoscope for Ultra Stable neutral pArticles)

The MATHUSLA experiment is a proposed LLP detector for the HL-LHC

« Large-volume dedicated detector for LLPs with long decay lengths

- Detector dimensions of ~100m x 100m x 30m

Positioned on the surface near one of the LHC interaction regions

- Shielded from LHC interactions by ~100m of rock

 LLPs decay vertices within the MATHUSLA decay volume are reconstructed by
tracking their decay daughters through a series of active detector planes

e Up-down hit timing constraints
used to veto cosmic rays

 LHC backgrounds rejected by
floor tracking layers and decay
vertex topology

Capable of LLP searches
with a near-zero background

Sutface

Multi-layer tracker

Double layer tracker

’/

~60 m

CMS

100 m
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(Massive Timing Hodoscope for Ultra Stable neutral pArticles)

An Update to the Letter of Intent for MATHUSLA:
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I Concept

0.8m

Detector concept is an array of ~100 “towers” of
tracking layers instrumenting a ~30m high decay , -

N

B
-~
-

volume
Sm
 Module towers ~10m x 10m x ~30m v
« Six tracking layers near the top, and “veto” layers at the
bottom
LLP
« “Mid” layers to improve tracking lever-arm for decays 25m Decay Volume
near the bottom of the decay volume
Physics sensitivity
determined by
combination of solid
angle coverage and
size of the decay
volume u
9m




. Detector

Very simple detector technology based
on extruded plastic scintillator

« ~2.5m long scintillator bars, threaded with
wavelength shifting optical fiber (WLSF)

« Silicon photomultiplier (SiPM) readout of fibers at
bar ends
Extruded plastic
scintillator is primary
detector element “Mid”
tracking| D
Light brought to the layers elcay
bar ends via blue- Vol il
green wavelength
shifting optical fiber
(WLSF)
- 0O(10°) electronic readout channels !‘:Io;)r” \
veto” &
- ~3 million metres of WLSF layers

- ~1000 tons of scintillator covering ~100000 m? of area
Drawings by Rodney Schnarr (Carleton)
Cost is (obviously) a major design consideration...
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n Detector

Scintillator bars provide 2-D geometrical
space-points with ~1 cm resolution

Layers alternate in x-y orientation to provide 3-D
tracking

Absolute hit timing used for event timing (relative
to LHC bunch crossing time) and to distinguish
upward and downward going tracks

- 80 cm layer spacing — ~1 ns timing
resolution needed

32 bar module

WLSF looped through two
adjacent bars so all signals
are readout at “front” face

Differential timing of signals in
opposite ends of the fiber provide
additional spatial coordinate

* ~15 cm difference in hit position
results in ~1 ns difference in
differential timing



. Location

Appropriate space is available on
CERN-owned land on the surface
adjacent to the CMS interaction
region

* Height restrictions dictate that
most of decay volume will be
within an excavated pit

* Feasibility has been assessed by
CERN civil engineering

Beam line gt



"' Physics objectives

A ducti ith
MATHUSLA can search for two general 0>11b can give & signal.
CategOI’IeS Of phyS|CS S|gnatures: Sensitivity to multi-TeV scales:

« Hadronically decaying LLPs ranging from a few |
GeV to TeV scale N\

— GG
— it
~— HH
- W W
W, Wo
—— Z,64=0.1
= H, ggm/M0
fefe

- High multiplicity final states are relatively easy to
vertex and distinguish from backgrounds

10

o [pb]

- Factor of 1000 improvement over LHC for LLPs 0.100
with mass < ~100GeV (LHC searches
background limited and are difficult to trigger)

0.001

500 1000 1500 2000 2500 3000 3500 4000

 LLPs with mass less than a few GeV M [GeV]
(any decay mode)

Multi-layer tracker }4m
. . . . . Sutface !5m
- Typically low multiplicity (i.e. 2 tracks) final states Do lyer ks 17 #

- Sensitivity very dependent on detector T B
geometry and performance due to both NLL
signal efficiency and background rejection L
requirements . —
cMS | —

Second category provides the main benchmarks for detector design

10



Higgs decay into hadronically decaying LLPs:

Exotic Higgs Decays

e up to 1000 times better sensitivity than LHC main detector experiments

h-)invié
" ATLAS
" 139 fb!

ATLAS MS 1+2D

BBN Limit

' h=invis
“HL-LHC

ATLAS MS 2DV =X

139 fb™!
- L2
10 RS
= Npy3 =4
107°: _
- | H=XX, X=bb Seo”
| mx=15GeV
_6 | | | | [
L .001 0.100 10 1000 10° 107
CTx (m)
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1076

Singlet dark scalar S mixing
with Standard Model Higgs

. GeV-scale LLPsS ....:0:05000

\

(mixing angle 0) RN ___
e Production in B, D, K meson | — e
decays: 10721 L e =4
005 0.10 050 1 5 10
0.001}
LLP right-handed _ o e
neutrino mixing with v, " |
S 1077
Competitive and complementary 1o+
sensitivity relative to other *
proposed LLP experiments X 05 1 s 10 80 100

12



Backgrounds

Cosmic rays

Primary physics target (high
multiplicity DV) is essentially
background-free LHE

interaction

point
Secondary physics target of /
low-mass, low multiplicity LLP
decays have baCkg rou ndS that z{:anHc Inelastic scattering Sczttering neutrino Scattering=
. muon from LHC from LHC atmosphetric neuttino
need to be carefully studied P

GeV-scale atmospheric neutrinos:

Cosmic rays:

 ~2 MHz flux to entire detector rejected by

Scattering within the decay volume result in directionality (timing)

about 30 events per year

« Cosmic ray nucleons can undergo inelastic

Can be vetoed to rate of <<1 per year using backscatter in detector floor

time-of—ﬂight track measurements

« Results in O(1000) non-relativistic Kg°

LHC muons: (over life of experiment) traveling into
MATHUSLA volume and decaying into
* Muons with E > 40GeV can penetrate rock charged particles that could reach the
shielding, but do not generally form vertices ceiling trackers.
* Delta rays and rare decays can be rejected « Can be characterized with beam off, and
based on vertex topology distinctive low momentum signature

13



‘s  CMS combined analysis

MATHUSLA can discover/exclude new physics LLP boost can be determined
based purely on information from the MATHUSLA event-by-event from the track
detector geometry:
i leptons
«  MATHUSLA provides information about LLP boost and LLP  ~=" '¥—.

decay mode .-
 CMS detector reveals production mode and parameters of éié hadrons
underlying model (parent mass, LLP mass) e -

— Combined analysis ca provide a complete
characterization of LLP with as few as O(100) events

arXiv:2007.05538 [hep-ph]
Jared Barron and David Curtin
0.8

MATHUSLA can trigger independently, then use or {Moet e 2jet
timestamps to correlate these with CMS events offline, Skt
however, preferable to directly use MATHUSLA as a

L1 trigger for CMS

« MATHUSLA will need to provide CMS with a trigger
signal within the CMS trigger pipeline buffer

0.4 4
0.3 4
0.2 4
0.11
0.04
-0.14
-0.2 4

-0.3 4 - — =10
e Nops =100

Relative mparen: precision

« Due to time of flight of the (massive) LLP, cannot o -
uniquely specify the bunch crossing, but can provide a 06 e pns
“window” of crossings that CMS can potentially record. L6885 764 763 -62 61 oo o1 o2 03 o4 05 G

Relative my p/Mparent precision

14



=*=  Ongoing R&D activities

z[m]

-10F

_15 L

Studies of improved reflective cladding for extrusion

- Small improvements in reflectivity can have big
impacts on light yield

Studies of new WLSF formulations with higher yield,
shorter decay times and longer attenuation lengths

- Light yield impacts timing resolution (not efficiency),
and reduces material costs

Cost/performance optimization for SiPMs

- SiPM performance not a limiting factor
- Define QA/QC criteria

10F

« Detailed GEANT4 simulation studies
with robust pattern recognition/ track
finding (Kalman filter) and vertexing

“Global” performance optimization of
1\ extrusion, WLSF and SiPMs still to be
“io 20 ; 20 w —  performed (detailed technical design)

X (beamline) [m]

20F

15



=*=  Ongoing R&D activities

Testing of prototype scintillator bar modules
in large cosmic ray hodoscope (UVic)

« Tracking with four-layer x-y arrays with looped
WLSF and 80cm layer spacing

» Scintillator bars, fiber and SiPMs with close to
MATHUSLA nominal specifications

e Scintillator bars are not full
length, but WLSF is the same
as in a full-sized bar module

* Instead of individual SiPMs
mounted on bar ends, WLSFs
are routed back to a single 64
channel SiPM array

Future tests planned with full
MATHUSLA-specification
bars, and custom front end
electronics (UofT)

16



Prospects

Robust MATHUSLA physics case based on realistic
simulation studies

* Recent improvements in simulation, tracking and vertexing
Ongoing R&D effort toward detector design

« Technical feasibility of the detector concept has been
demonstrated in benchtop studies, but work is ongoing
towards design optimization

Conceptual design report is currently undergoing
internal review and is expected to be made publicly
available in the near future

17
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== Extruded plastic scintillator

Fermilab extrusion facility

Extruded scintillator based on commercial
polystyrene pellets with added dopants

 Primary dopant: ~1% PPO

2,5-diphenyloxazole

« Secondary dopant: ~0.02% POPOP

(wavelength shifter)
1,4-bis(5-phenylxazole-2-yl)benzene

* Intrinsic light yield comparable to cast
scintillator, but poorer optical quality
(i.e. attenuation length O(10cm))

« MUCH cheaper than “cast” scintillator

« TiO2 reflective coating co-extruded

« Various profiles can be extruded,
with hole(s) for inserting WLSF

19



" Extrusion Improvement

Possibility of improving ref ectivity
of cladding around scintillator
extrusion to improve light yield

« 2% improvement can result in 30%

more light.

« Could reduce MATHUSLA scintillator

requirement by 30%.

Wrapper Relative Light Yield
T10, coextruded cladding 1.0
Tyvek 1.08
ESR .46
Black wrapper 0.24

J. Freeman, FNAL
200 — , ; . l

5*1*20 cm

™

L
o

150 L ({==5'1"50cm ) / .

A= 100cm Py

100 |- rd -

50 - =

| Extrusion Geant simulation

0=90 9 100
Cladding reflectivity %

Yucun Xie (UMD) performing GEANT4
simulations to study the effect of different
ref ectivity cladding on extrusion.

. Replace TiO, coating with possible
new materials

20



" Timing resolution

Chin Lung Tan (University of Rochester (US)),
Jim Freeman (Fermi National Accelerator Lab. (US)

FNAL group has re(:er]ltly teSted . — ;4=—‘40.90(0.01]‘;rr=1‘271('0,013]

other proprietary formulations from S S

Saint Gobain and Kuraray which wollmm s —
appear to yield adequate light yield

and sub-ns timing f

Events

» this work is still in progress

@ |
E 14r -
) [ 8~ @ 7
L S 4 . ‘ :
E 1 -2 | '}‘ i | -20 -10 10 20
" = ; 1 Time (ns)
E 1 [ e e n
i— Ir & g 1 4
[ ' . Several test distances D1 D2
O | = ~ < >
= 08 B

0.6 - . _ + [
¥l S [ ST SS! NN THR UMY TN S SN T S [ SO S S ! SEPM Cosmlctl’lgger, ~3X3Cm LED to insert SIPM

0'6 0-8 1 1 '2 1 4 LED triggers for
data Tim.Res. [ns] calibration

Timing measurement for a 5m long f ber through a 1X4cm extrusion. This location is at 250cm along the f ber, equidistant from the 2 SIPMs.

Time distributions (relative to the cosmic trigger start time) are shown for the 2 SIPM channels (Chan 3, Chan 4). Also shown is the difference, (T4-T3)/2.
We note this difference divided by 2 is our f gure of merit for timing. The factor of 2 comes from the observation that different points along the f ber separated
by delta have a +delta increase in distance from one SIPM, and a -delta decrease in distance from the other. The timing resolution of 0.538ns corresponds

to about 9cm rms position resolution, well within MATHUSLA requirement.

21



increasing

pixel

Silicon Photomultipliers

size

6 x 108
* Very large gain, adjustable via bias voltage, but
g . 5 x 108
also very sensitive to device temperature *
. . 4 x 108
* Spontaneous pixel breakdown results in dark
H £
noise (or dark current) F3xt0s
. - 2 x 108
* Photon detection efficiency (PDE) depends on
both quantum efficiency and geometric 1 106
properties of device
0
Dark count*® Tem:
Photon Recom- peniire
Spectral Peak Terminal Break- coefficient
Measure- | response | sensitivity :%t;az: :’;ﬂaga Gain dﬁn mlk ;;:::;:g atre’;?r:-
Type no. ment | range length| ~ppges | Typ. | Max. | tance M valtage | prabatiity | "y, e | mended
conditions A Ap A=Ap ct VR Vop apv;:::g
ATVop
(nm) (nm) (%) | (keps) | (keps) | (pF) (V) (%) (V) |[(mv/°C)
513360-1325C5 270 to 900
513360-1325PE 320 to 900 70 210 60
L0 S| Vover (T AW 25 | 400 | 1200 | 320 |7.0x10° 1| Ver+S
513360-3025PE! =5V |320to 900 '
513360-6025CS 270 to 900 1600 | 5000 | 1280
513360-6025PE 320 to 900
513360-1350CS 270 to 900
513360-1350PE 320 t0 900 | il I
:E;:g;g:g:: \?ﬁ ggzﬁ 450 40 500 1500 320 |17 x10% 535 3 VER + 3 54
513360-6050CS 270 to 900
513360-6050PE 320 to 900 2000 | 6000: ( 1760
513360-1375C5 270 to 900 90 370 60
513360-1375PE 320 to 900
bl HyotS) Voyer | 200 90 50 500 | 1500 | 320 |4.0 x 10° 7 | ver+3
S13360-3075PE | =3V | 32010 900 | M '
513360-6075C5 ' 270 to 900
513360-6075PE ] 320 to 900 800" | BOGY: (1260

*4: Photon detection efficiency does not include crosstalk or afterpulses.

*5: Threshold=0.5 p.e.

Note: The above characteristics were measured at the operating voltage that yields the listed gain. (See the data attached to each product.)

(Ta=25 °C) 9
T T 60 =
— Gain ot o
== Crosstalk probability e 5
|| = = Photon detection e 50 ;E
efficiency (A=450 nm -
- - / 2
Lt 2
% 40 g
g
: P -
2
/ o
yd 20 F
4 i
[1:]
/ = -5
| i b -’/’___--’ 10 3
= o
’—"-T— 0 E
0 2 4 5 8 0§
Overvoltage (V)
50 I = 'II 1 =
—-=—513360-**50PE
—— 513360-**50CS
B2 A /‘\
: /
c
g
30 i
§ | \
5
§ 20 I
g | X
o
& .
8 | N\
2 10 i
o ! | \\\
0
200 300 400 500 600 700 800 900 1000

Wavelength (nm)
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"n Silicon Photomultipliers

WLSF light measured by SiPMs mounted at
the fibre ends

» basically, a large array of photodiodes connected in
parallel and operated just above the breakdown voltage

« each photodiode (or “pixel”) T
produces a current pulse in *
response to an incident photon

P neisEntp = =R R= =R,

* resulting signal is proportional
to number of incident photons 3y :*_Xf s ::Xf 32y

Vaias
R
C

™~

However, output signals
are typically shaped and
amplified to optimize for
specific application, e.g.
for fast timing

23



== Wavelength Shifting Fibre

Plastic optical fibre with core doped BCF-92
with fluor(s) ﬁn: /'\\ N
 Blue — green WLSF to match spectrum o \
of extruded scintillator light {.m_/ \ X
U ABSORPTION EMIBSION
e Challenge for MATHUSLA is to g 02 \'\
ensure sufficient light reaches the ot S =
photo-detectors to achieve the target . = o o

timing resolution

65

50 —F— a— .
& —-— 513360-**50PE
—— 513360-*+50CS
55 g 40 ~
g / \ Silicon [photomultiplier
30 . .
2 5 ] \ detection efficiency
a0 g i \ vs wavelength
4 g 20 ’ \
S !
30 8 | \\
g v i N
25 !
) i ™~
5 L]

200 300 400 500 600 700 800 9S00 10

Wavelength (nm)

00
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Location

rin Forage & réalser (= 82.0 m)
2 spLs7 SLHC36 SPLSS stHcaz SPLSA SE 104

L | SPLS6E

50

I3

Graviers fluvioglaciaires jurassiens
Moraine limoneuse ou limono-argileuse

Moraine imono-graveleuse  sablo-graveleuse

Molasse

25



A

Tracking prototype

64 channel 4 layer prototype being
constructed at UVic this summer

modules of*short” scintillator bars read out
via nominal ~5.5m WLSF

will replicate MATHUSLA tracking
environment for resolution and efficiency
studies

contributions from all Canadian groups

T [ 1

[

LI
1= = )

3

)

i+l

1 8x8 SiPM array

\[]

LyZzZ-c
wb
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" CODEX-b

DELPHI CODEX-b box

X
-
SHIELDING PLUG
GRS DISTRIBUTION RACKS
« CONLING STYSTEMS
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GRS DISTRIBUTION RACKS
« COOLING SYSTEMS

UXA shield

| iTvarl M

shield veto
Pb shield IP8
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. Dark scalar 1y umsezeomes

Singlet dark scalar S mixing with Standard Model Higgs with
mixing angle 6

« Assuming additional production in exotic Higgs decays
with Br(h — SS) = 1%

10_3 Ei SR ATLE

10~4 -|f1.1.".'..i RedTop, 10" pot _
Colljders

)|
LHCDb & Belle

sin’0

-5
10 S—ee, up
107k ME“K \

1 07? K — 7wt + invisible
based on E949 data)

184 1 _________ -1l
10_3 1 = :”_”;."--‘-.:‘_______ 2
0 — - 19 \ o N L i
;7 By » ¥ S =
10 KLEVER, 5x10" pot i\ M
10 SN1987a \ S 1077
107" B \ ("'Jf),.;_' < S /”_—““*—‘ -
k., 5
-11 = Y * 2 - " . . ; ; ) | 1
IO = / 1 ’ ""I'f 00)2,-, \\/f = s 0.05 0.10 0.50 1 5 10 50
DN
—-12 b, ms (GeV)
10 MATHUSLA @ CMS, 3abt \ 1, % o
4,
._ {
—~13 - Sy s
10 BBN (7> 1 sec) T,
10—14 1 1 | i 1 1 LI b M|
107" 1 10

mg (GeV)

« Big boost in sensitivity from this production mechanism, which
is only possible at high energy experiments (i.e. LHC)
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e Higgsino to gravitino

Number of observed higgsino — gravitino events

. » - 8|
H — G+ (Z,h) .
: 110°
10 I ]
ko)
g _
e~ g % L 4102
g 10%; < O E
™ o :
© 5 E
7L
% 10 . 1
102 (?) i 410!
I HL-LHC ;
i 3 ab
10!
A o S R DV ST B N PTEE T T EE EEE E TR &,
200 400 600 800 1000 1200 200 400 600 800 1000 1200
u [GeV] u [GeV]

Higgsino mass

For higgsino lifetimes ranging from smaller than 10m to larger than 10°> m,
MATHUSLA could provide a discovery of new physics with electroweak
cross-sections for which the HL-LHC would fail to discover new physics.

ms o [keV]
Gravitino mass



PBC BSM working group

L] Dark phOtOn Only report 1901.09966

w T L lil T T T L I T L) (“T [I IU T T T 7T E
eyone \ REDTOP, 10'pot, n| > A"y ' |
-3 Collyders M * . |
107 E Be Jo M MY .
E ~ s " 4 2 E
s S e REDTOP, 10"pot, n > A"y i
107 = Zgrs il it —
E - “or E
= NA64, 5x10"%eot~|. ‘ / U -
| \
107 — " N -=
FLDMX, 16 GeV, 10"%ept| . >~ Rt N\ N =
C = ISa gy ‘ -
—6 = A 20

107 E —_FASER, “AN\_SHIP, 10¥pot
E T—% J al S — Y ) p
107 & s S o / =
= A 5 5 I8 =
= F'Hy S1 \3””‘ o5 NA62, 10 pot =
]0‘“ 1 1 1 L1 1 lll 1 1 1 1 1 1 L 1 1 L1l

2 3 4

1 10 10° 10° VSO4

m,. (Me

MATHUSLA sensitivity for dark photon signatures is not great, however this estimate
neglects high rate of secondary production of dark photons in the main detector
calorimeters etc.

« Exploits huge QCD rate at the LHC: approaches fixed-target-exp levels. Unique
source of LLPs at the LHC only available to external detector
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Axion-Like Particles

(GeV™)

ayy

Pure photon coupling

LEP
Y% NA64, 5 10" eot
10—3 ) P visible (solid), invisible (dotted) 3
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1077 —=

PBC BSM working group
report 1901.09966

Pure fermion coupling
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. Dark Matter

In many Dark Matter scenarios, properties of LLP in primordial
plasma control the DM abundance

 LLP searches can be best or ONLY way to discover DM
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Inelastic DM model (1810.01879, Berlin, Kling) can be
discovered via SM+S LLP searches at much lower
mixing angles than direct detection experiments

MATHUSLA @ CMS reach for Freeze-In DM
(1908.11387, No, Tunney, Zaldivar).




L INI T Nucl.Instrum.Meth.A 985 (2021) 164661
. *l r#“«.'\,v_ﬂ_ TeSt Stand 2005.02018 [physics.ins-det]

A MATHUSLA test stand was operating on
the surface above the ATLAS pitin 2018

* Primary goal was to evaluate background
sources from cosmic rays and the LHC

e Results published in 2021
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| T ] Iy Nucl.Instrum.Meth.A 985 (2021) 164661
. ;*. m MA_ TeSt Sta n d 2005.02018 [physics.ins-det]
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Can fit three

mx9m modu s
in each bay =
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pre
3
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3
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Work is in progress towards the
detailed layout of the detector

CAD by Rodney Schnarr (Carleton)
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"tn Trigger and DAQ

MATHUSLA trigger based on upward-going tracks within 3x3 tower volume

vertex formed by upward-going tracks within fiducial volume is signal signature

« modular FEB design as well as link aggregation boards

 hits buffered for trigger; data rate is well within COTS servers

10 Gb/s Hit/Tngger Network, Timing Distribution
«—p Ethernet Network
x 100 «—» CMS Fiber Interface, LHC Timing Interface

10 Gb/s Tower Mesh Network (A K.A. Neighbor Links)
Tower
x 10 x 10
Layer
; X 10
Layer Tower Trigger System
FEB Link Agg Link Agg Link Agg Link Agg —
[c] [or]-|fl - ~Cem] o o] ] [omom] [ [orem ‘EE,'“
-
- Bx SFPs ool '_EFP
= F A I [
ASIC Fe @I
i
Y Y A y  Server
Ethernet Switches ot
Channel Access and Data Primitive Messages W

« triggered events written from buffer to permanent storage

L1 buffer

L1 trigger signal sent to CMS; latency estimates appear compatible with CMS

Larry Ruckman, JJ Russell, Charlie Young
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