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Then and now...

The Malloc machine, 1933 Edison, 2014

Solved 10 simultaneous

differential equations Can do that, too
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Th en... “Who the devil are you?”

When researchers talk about neutron stars, dark matter
and gravitational lenses, they all start the same way:
"Zwicky noticed this problem in the 1930s.

Back then, nobody listened . . ."

Stephen Maurer

® Coined term "supernova"
(he personally discovered 122)

® Worked on jet propulsion, Aerojet
Engineering Corp (>50 patents)

® Proposed using SN as standard candles
(though was skeptical of space expansion)

® Postulated that galaxy clusters could act as
gravitational lenses

® Dunkle Materie: Virial theorem applied to
Coma cluster in 1933 revealed a large
discrepancy between luminous mass and
Kinematic mass






ACDM Concordance Model

Supernova Cosmology Project
Suzuki, et al., Ap.J. (2011)
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Dark Matter Detection On Earth

You are here
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Limit Scalar Cross-section cm? [60 GeV WIMP]

LUX 1 min Dark Matter Searches: Past, Present & Future
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Eager Graduate Students

Davis Cavern, Oct 2011
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LUX Water Tank - Outside View




Video by the Harvard-Smithsonian Center for Astrophysics and Annenberg Media
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First Results from LUX, October 30 2013

LIV Sanford Lab
IR il World politics Business & finance Economics Science & technolo Cult
Dr. Rick Gaitskell B e R 2

Dark matter

Most Popular T 1
Forbes - e Absence of evidence, or evidence of
absence?

TECH 11/07/2013 @ 1:44PM | 3,14

Why The L I | x Results Physicists are learning more about what dark matter isn’t. That will help them find out

what it is
Dark Matter - And TO Nov 2nd 2013 | From the print edition Iy (74| | W Tweet |03

+ Comment Now + Follow Comments

Science »

Dark matter hunt nears final pha

Scientists could be nearing the final phase
enigmatic substance thought to make up a

Reading through the coverage of the first results from
» most sensitive search for dark matter, the Large Undei]
A docl)m‘e d "lava Qvorld'; with @ similar mass Xeno.n (LUX), you’d be forgiV('an for 'fhinking that reseg
discovered orbiting a star 400 light-years 2 working on dark matter had either discovered nothing
were on the verge of laying their (metaphorical) hands
stuff. As with so much scientific research though, thing

never as simple as they seem.

Earth-sized 'lava world' discove

Newly discovered humpback do

(NEWSER) - A species of dolphin that live With the Higgs boson
so new to science that it doesn't have a na safely tucked under one

. arm, the next great hunt
More Science stories for physicists is the

NERSC@40 Feb 5, 2014 Carlos Faham
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LUX Data

S1 summed across all channels

plitude (phe/10 ns)
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Keep Everything / Find Anything

Keep everything
High efficiency

In 85 days:

* 50+ TB waveforms
* 25 TB reduced quantities

. A
- g =) o TN
ST 5 o S

Find anything
Rare event search
Many possible signatures

* WIMP dark matter

* Axion dark matter

* Inelastic dark matter

* Double electron capture

* Double-beta decay (LZ)

* Coherent neutrino scattering (LZ)
* Pushing detector thresholds

* Detector calibrations:

* Nuclear recolil response

¢ Electron recoil response,

* Detector response uniformity, light

yield, threshold...

NERSC@40 Feb 5, 2014 Carlos Faham 20



Data Processing

amplitude (phe/10 ns)
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Waveform Data

S2 summed across all channels

Reduced Quantities (RQ)
* energy reconstruction

* number of electrons/photons

® pu
® pu
® pu

.pu

time (us)

.pu
qu

* X,y position reconstruction
* electron drift time (z)

se height
se width
se asymmetry

* digital filter outputs

se clustering
se type classification
se quality

Monte Carlo simulation output also runs through DP

NERSC@40 Feb 5, 2014
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Rare event search

: Events
Cut Explanation Remaining
All Triggers S2 Trigger >99% for S2raw>200 phe 83,673,413
- Cut periods of excursion for Xe Gas Pressure, Xe
Detector Stability Liquid Level, Grid Voltages 82,918,901
Single Scatter Events Identification of S1 and S2. Single Scatter cut. 6,585,686
Accept 2-30 phe
S1 energy (energy ~ 0.9-5.3 keVee, ~3-18 keVnr) 26’824
Accept 200-3300 phe (>8 extracted electrons)
S2 energy Removes single electron / small S2 edge events 20,989
: : Cut if >100 phe outside S1+S2 identified
S2 single electron quiet cut +/-0.5 ms around trigger (0.8% drop in livetime) 19’796
ro o : Cutting away from cathode and gate regions,
Drift time (cut away from grids) | o5 _ grift fime < 324 us 3731
: : . . Radius < 18 cm, 38 < drift time < 305 us,
Fiducial volume (radius and drift) | g kg fiducial 160

NERSC@40 Feb 5, 2014
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LUX NERSC Resources

* Carver - Data Intensive Pilot Program
* Data processing, simulations

Computin
I PDSF node acquisition

* Data processing, simulations

* GPFS

* Processed waveform
* Reduced quantities

* HPSS

* Raw waveforms

g’b

globus online

Storage

Transfer |* Globus

NERSC@40 Feb 5, 2014 Carlos Faham
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Exciting Projects Ahead @ NERSC

QSci SciDB data analysis

OSC.Ldjango LUX Online Event Viewer

NERSC@40 Feb 5, 2014 Carlos Faham
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File system analysis model

File system-based analysis works for
small datasets, but quickly becomes

cumbersome.

- Poor data management
- Slow search (file-by-file loading),
especially for rare-events
- Large-scale analytics and time-trends

difficult

- Not easily replicated, shared

YOU KNOW THIS METAL
RECTANGLE FULL OF
UTTLE LIGHTS?

\_ro
e

¢

=

I SPEND MOST oF MY LFE
PRESSING BUTTONS TO MAKE
THE PATTERN OF LIGHTS

CHANGE HOWEVER T WANT.

SOUNDS

O G?OD.

BUT TODAY, THE PATTERN
OF LIGHTS 1S ALL WRONG!

( OH GOD: TRY
PRESSING MORE

/TS NOT BUTTONS!

HELPING! (

\

lux10_20130424T1740_f011654_cp05388.rq.gz
lux10_20130424T1740_f011660_cp05388.rq.gz
lux10_20130424T1740_f011661_cp05388.rq.gz
lux10_20130424T1740_f011664_cp05388.rq.gz
lux10_20130424T1740_f011671_cp05388.rq.gz
lux10_20130424T1740_f011674_cp05388.rq.gz
lux10_20130424T1740_f011681_cp05388.rq.gz
lux10_20130424T1740_f011684_cp05388.rq.gz
lux10_20130424T1740_f011691_cp05388.rq.gz
lux10_20130424T1740_f011694_cp05388.rq.gz
lux10_20130424T1740_f011701_cp05388.rq.gz
lux10_20130424T1740_f011704_cp05388.rq.gz
lux10_20130424T1740_f011711_cp05388.rq.gz
lux10_20130424T1740_f011721_cp05388.rq.gz
lux10_20130424T1740_f011724_cp05388.rq.gz
lux10_20130424T1740_f011731_cp05388.rq.gz
lux10_20130424T1740_f011741_cp05388.rq.gz
lux10_20130424T1740_f011751_cp05388.rq.gz
lux10_20130424T1740_f011761_cp05388.rq.gz
lux10_20130424T1740_f011771_cp05388.rq.gz
lux10_20130424T1740_f011781_cp05388.rq.gz
lux10_20130424T1740_f011791_cp05388.rq.gz
lux10_20130424T1740_f011801_cp05388.rq.gz
lux10_20130424T1740_f011811_cp05388.rq.gz
lux10_20130424T1740_f011831_cp05388.rq.gz
lux10_20130424T1740_f011841_cp05388.rq.gz
lux10_20130424T1740_f011851_cp05388.rq.gz
lux10_20130424T1740_f011861_cp05388.rq.gz
lux10_20130424T1740_f011871_cp05388.rq.gz
lux10_20130424T1740_f011881_cp05388.rq.gz
lux10_20130424T1740_f011891_cp05388.rq.gz
lux10_20130424T1740_f011901_cp05388.rq.gz
lux10_20130424T1740_f011911_cp05388.rq.gz
lux10_20130424T1740_f011921_cp05388.rq.gz
lux10_20130424T1740_f011941_cp05388.rq.gz
lux10_20130424T1740_f011951_cp05388.rq.gz
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LUX SciDB

SciDB: Massive database
I_GX with array-oriented data model.

QScil )= Share-nothing, parallel data access
Evaluating SciDB as a data analysis z 3 2 z z
tool

- Fast query of specific event ? ? ? ?

topologies, rare events

- Fast plotting of key detector
performance parameters over time
- Store waveform data as well

NERSC@40 Feb 5, 2014 Carlos Faham 26



LUX Online Event Viewer

QS
® 00 NERSC Science Gateways +d, a ngo "

[74 DN] [OJ [,q | [@J [QJ [L”J [7+ | @ portal.nersc.gov/project/lux/OnlineEventViewer /index.html c B [_J |

ux10_20111123T1459 - event: 11326

Load .evt and analysis_settings.xml files
Nolumes/LUXdata/data/LUX/Run0;; | Browse

analysis_settings.xml Browse w

a

Event List: [136 2490 3184 4075 I Load o

w

Colorbar range: to _g
Hit Pattern phe

4000_ ...... AN SRR A e R S e AR SR e S S AR S A
: : : : § | ——110 area: 154961 phe
® Decay Constant 22 ns
1259 & : Chi2dof: 0.904
1142 @ :
% :
47.73 o 1000 =
< : :
42 = z
231 o 5 _
-190 -180 -170 -160 -150 -140 -130 -120
[——— | 11326 | g samples
— Status ] — Options
’ ;lk(;i o8 Timing Prompt Fraction Seperate Traces Threshold Export Plots
; LUXSumPOD. (¥ Exponential Fit Exponential Fit Timing Gaussian Fit (¥ Area '
1 Time: 9.638889

* Obtain any event waveform

* Fast loading
* Platform-independent
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LUX Online Event Viewer

NERSC Science
Gateway

SC

Django web
framework

django

LUX waveforms

2Sci

® 006 NERSC Science Gateways "
(<> |0 8] ®| O |2]]| + O portal.nersc.gov/project/lux/OnlineEventViewer/index.html [ B@ (O]
Load .evt and analysis_settinas.xml files &
NVolumes/LUXdata/data/LUX/Run0;; | Browse
analysis_settings.xml Browse o 40~
[
Event List: (136 2490 3184 4075 ¢ Load £
» 20=
Colorbar range: to i
a 0~ ==
Hit Pattern —
0= ] ] { 1 ) I 1
4000 ~
——t10 area: 15493.1 phe
3000 - A
g M\
& 2000~ j \
o
a !
T 1000~ —
2 f %
5 J N
0= 2 o S SIS U S
1000 — i i i i 1 j ] 1
-190 -180 -170 -160 -150 -140 -130 -120
e 11326 i samples
Status Options:
Timing Prompt Fraction Seperate Traces Threshold
Export Plots
™ Exponential Fit Exponential Fit Timing Gaussian Fit ™ Area
XML Settinas W I
@ UntitledO - Chromium 4 _0X
1Py IPython Dashboard x| Py Untitled0

Data analysis sessior

IPIvl: Notebook untited0 wusmes

B A B 4 4 © © » B cCode v T

None v

ﬁ In [1]: matplotlib inline

In [4]: import matplotlib.pyplot as plt
import numpy as np
fig, ax = plt.subplots()
X = np.random.randn(500)
ax.plot(x

Out[4]: [<matplotlib.lines.Line2D at 0x43fee50>]

|l |

]
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LUX+ZEPLIN = LZ

c@' @ £l ' D |
@t "R A
g{ , I .
? e © > ,p | Z
LUX g © © ? 5§ 7tonnes
e« © ? 5 X482
B © » % 3"PMTs
e P
370 kg =0 o Q ’ A “» ’Dﬁ@é
X122 BTl “
2" PMTs = = |
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Summary

* LUX experiment data: “keep everything / find anything™ model
* Collect every pulse, look for WIMP dark matter signature and
other models, perform high-stat detector calibrations.

* L UX starting the long dark matter search soon
* >200 TB raw data, simulation data and reduced quantities

* LUX starting to use NERSC available resources:
* Carver (data pilot program) and PDSF (node acquisition)
* GPFS and HPSS for raw and derived quantity data

* Globus for data transfers

* LUX evaluating a massive, parallel database (SciDB) for data
analysis and online event viewing

NERSC@40 Feb 5, 2014 Carlos Faham
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Back up slides
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Measured DRU (44 livedays, 44 eff)  log ,iDRUss)
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Detector Corrections

Fiducial volume determination
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The Field

SuperCDMS Soudan CDMS-lite

SuperCDOMS Soudan Low Threshold
XENON 10 52 (2013)

CoGeNT
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LUX Results

2.6 ; 160 events observed
54 Ot 1.9 events/day
i B Distribution of events is completely consistent
*3 . . .
8 ol e with ER calibration PDF and 4 component
§ t, + .. background model determined from fits to
8 2f + , position dependent background spectra
g“ +, ‘*’# . *
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Modular Multi-Language Data Processing Framework

LUX Detector
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Data Processing Settings
XML

!

Prepare Data Processing

Get Complete Process Record ID
Get IQs from LUG
Farm processing jobs

-

Event Builder

@D

b (Python Daemon and Wrappers)

Y

Initialize RQ File

A4

Event Builder Record ’

(1Qs}

Important Quantities |

(__PODSummer
Pulse Finder
d a9 >
Pulse Timing

Y

Global Record Settings
Comglete Process Record

Module record and status
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Pulse Quality Check
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