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• Cosmology and the subatomic world

- Dark matter

- Dark energy

- Inflation

- Neutrinos mass, number

- Origin of matter vs anti-matter

• Other basic questions

- What lies beyond standard model?

- Mass hierarchy in SM

- Neutrino vs anti-neutrinos

- others …
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Experimental program at SLAC

• Particle physics: rich history of 
detector development, data analysis

• Particle physicists: big impact on 
cosmology and astrophysics 

• SLAC + Stanford: unique partnership
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DETECTOR INSTRUMENTATION

• Current detector activities:
• Pixel detector operations
• High Level Trigger / Beam spot
• Fast TracK (FTK) Trigger  (w/ Stanford)

• HL-LHC Upgrade  
• ITk Inner Pixel assembly/Test at SLAC

•36 barrel staves + 56 disks
•major opportunity

• High speed data transmission
• State of art DAQ systems 
• SLAC End Station A Test Beam 

• Detector R&D
• High Granularity Timing Detector
• Monolithic CMOS sensors

•

ITk pixel system: 4 billion 
active pixels (‘fish-eye’ view)  
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Beyond the Standard Model at the LHC

• Higgs as a window to 
new physics: properties, 
couplings, decays

• Dark matter searches

• Precision testsof 
standard model
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G* = KK 
graviton in 
Large Extra 
Dimensions  

Boosted Higgs 
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Higgsàbb gluonàbb

Enormous Data Playground

• Computer vision, image 
processing, and deep 
learning:
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Physics tools vs LHC challenges: 
◦ Advanced b,c quark jet tagging   
◦ Novel boosted object reconstruction 
◦ Refined jet property extraction  
◦ State-of-the-art pileup mitigation 
◦ Exploring the use of fast timing 

Boosted W, Z, H, and top quarks
Quantum properties of jets  

Design Lumi

Pixel detector development for 
HL-LHC upgrade
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Dark Matter

• WIMPs

• Beyond WIMPs

- Sub GeV DM: Assymetric, 
other light

- Dark Photon, dark sector

- Axions + strong CP problem

- A new sociology
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No annual modulation signal in other experiments:
XENON100
E. Aprile et al, Phys. Rev. Lett. 118, 101101 (2017)

XMASS 
K. Abe et al, Phys. Rev. D 97, 102006 (2018)
M. Kobayashi et al, Phys. Lett. B 795 (2019) 308
LUX  
D.S. Akerib et al, Phys. Rev. D 98, 062005 (2018)
CDEX  
L.T. Yang et al, arXiv:1904.12889 [hep-ex]

Strong tension when 
interpreting DAMA/LIBRA 
anual modulation signal as 
Dark Matter, even 
assuming more general 
halo/interaction models

DAMA / LIBRA: other experiments
PDG 2018

S. Cebrián,  TAUP2019, 11 September 2019

A MODEL-INDEPENDENT 
PROOF/DISPROOF WITH THE 
SAME NaI TARGET WAS 
MANDATORY
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Dark Matter search with LUX-ZEPLIN
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FIG. 1. Left: Cutaway drawing of the LZ detector system. The LXe-TPC is surrounded by the outer detector (OD) tanks
(green) and light collection system (white), all housed in a large water tank (blue-grey). Conduits penetrate the various regions
and boundaries to deliver services to the LXe-TPC: PMT and instrumentation cables (top and bottom, red); cathode high
voltage (lower left with cone); purified LXe (bottom center, green); neutron beam conduit (right, yellow and pitched). Right:
Expanded view of the lower right corner. ‘OD PMT’ indicates an outer detector photomultiplier tube. The xenon skin region
is observed by an independent set of PMTs (not depicted).

pure titanium [10] holds 10 tonnes of LXe, including the
LXe-TPC and its enveloping xenon skin veto. The cryo-
stat is maintained at 175 K by a system of thermosyphons
and is surrounded by a room temperature liquid scintilla-
tor outer detector (OD). Both are located within a large
water tank in the Davis Campus at the 4850-foot level
(4300 m w.e.) of the Sanford Underground Research Fa-
cility (SURF) [11]. Key dimensions and masses of the
experiment are summarized in Table I.

The active volume of the TPC is a cylinder with both
diameter and height equal to 1.46 m, containing 7-tonnes
of LXe. Particle interactions in the LXe generate prompt
scintillation light (‘S1’) and release ionization electrons—
the latter drift in an applied vertical (z) electric field and
are extracted into the gas layer above the surface where
they generate electroluminescence photons (‘S2’). The
xenon circulation and purification strategies are based
on the LUX experience [12–14] and electronegative im-
purities are suppressed su�ciently to allow electrons to
survive, with good e�ciency, drifting through the length
of the TPC.

Photons are detected by 494 Hamamatsu R11410-
22 300-diameter photomultiplier tubes (PMTs), with a
demonstrated low level of radioactive contamination [15,
16] and high quantum e�ciency at the LXe scintillation
wavelength of 175 nm [17]. The PMTs are assembled in
two arrays viewing the LXe from above and below. The
241 bottom PMTs are arranged in a close-packed hexag-
onal pattern to maximize the collection e�ciency for S1
light. The 253 top PMTs are arranged in a hybrid pat-
tern that transitions from hexagonal near the center to
nearly circular at the perimeter, thereby optimizing the
(x, y) position reconstruction of the S2 signal for inter-

actions near the TPC walls. The TPC walls are made of
highly reflective polytetrafluoroethylene (PTFE) panels
that also embed 57 field-shaping rings which define the
drift field.

Vertical electric fields in the TPC are created by four
horizontal electrode planes, which consist of grids woven
from thin stainless steel wires. At the top of the TPC,
the gate and anode grids straddle the liquid surface to ex-
tract ionization electrons from the liquid into the gas, and
to create an S2-generating region in the gas phase. At
the bottom, the cathode grid defines the lower boundary
of the active TPC volume. An additional grid below the
cathode shields the bottom PMT array from the cathode
potential. This creates a reverse field region below the
cathode, containing 840 kg of LXe, where energy deposits
create S1-only events. The drift field is established be-
tween the cathode and gate grid. The nominal cathode
operating voltage is �50 kV, delivered from a dedicated
conduit penetrating the cryostat laterally. In this work
we assume a uniform TPC drift field of 310 V cm�1.

A two-component veto system rejects multi-site back-
grounds and asynchronously characterizes the radiation
environment around the WIMP target. The innermost
veto component is the xenon skin region, formed by in-
strumenting the outer 2 tonnes of LXe located between
the TPC and the inner cryostat vessel. This region is op-
tically segregated from the TPC, and scintillation light
produced in the LXe is viewed by 93 Hamamatsu R8520
100 PMTs mounted near the xenon liquid level and a fur-
ther 38 Hamamatsu R8778 200 PMTs mounted near the
bottom of the TPC. The inner surface of the inner cryo-
stat vessel is covered by a thin liner of PTFE to improve
light collection. The principal role of this skin region is

Dan Akerib / Tom Shutt

Office hours: Weds PAB 109, til 5; Thurs SLAC FKB 
223, 1-4pm

SLAC group

• Data start: 2020

• R&D for low mass 
search: HydroX
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Hidden Sector Dark Matter

• Dark matter couples only through 
hidden sector to standard model 
particles.  S

• Simplest case: dark photon,  A′
• Search for A′ at accelerator

- A′ decays to SM particles: HPS

- A′ decays to Dark Matter: LDMX

• Unique theory/experiment 
collaboration at SLAC
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Hidden Sector Dark Matter:
HPS and LDMX

Thermal relics are highly motivated Dark Matter candidates, but no 
sign yet of “minimal” thermal relics, WIMPs, that couple to the 
Standard Model through known force carriers.

Another possibility: Dark Matter doesn’t couple to SM forces, only to 
“dark forces”.  Hidden sector (AKA “dark sector”) thermal relics have 
a broader range of masses, cosmologies, and experimental signatures.

Simplest case is a dark photon, A′, with MeV-GeV mass - a benchmark 
scenario for theory and experiments that can explain many observed 
anomalies in astrophysics and particle physics.

Dark photons can be produced in the lab. Depending upon MA′/MDM, 
A′ decays to SM particles (HPS) or to Dark Matter (LDMX). !e

WIMPs

Hidden
Sector
DM

dark bremsstrahlung

SLAC is playing the leading role, worldwide in 

developing dark sectors, both theory and experiment

Former HPS Student 
Sho Uemura 
with the HPS SVT

2

Heavy Photon Search

HPS searches for A′→ e+e- produced in a thin 
target by a multi-GeV electron beam at JLab.

HPS detector “sees” A′ as resonance atop QED 
background (larger !), possibly decaying significantly 
downstream of target (smaller !). 

A Silicon Vertex Tracker (SLAC) and an 

electromagnetic calorimeter (INFN, Orsay) build on 
LHC detector technologies to instrument extreme 

occupancies and data rates from compact detector.  
(roughly like a small slice of CMS)

HPS is publishing results from short engineering 
runs in 2015, 2016 that prove principle.

SVT is being upgraded for first physics run in 

Summer 2019 and will request runs in 2020, 2021.

~1 meter
Silicon Vertex
Tracker

ECal
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e.g. arXiv:1807.11530 [hep-ex]
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Dark Energy and Cosmology

• Dark Energy: a mystery wrapped in a 
riddle

- Cosmological Constant?

- Quantum Field?  

- General Relativity wrong?  

• Determines ultimate fate of universe

• Galaxy surveys

- Imaging

- Spectroscopic

• Supernova

• CMB 
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LSST 

• Wide field survey with 
massive camera

• Dark energy

- Independent measures of 
structure evolution

- 1 million supernovae

• First light in 2021

 11



T. Shutt - 2019 Grad Orientation at SLAC

LSST - Camera

• Camera assembled and tested 
at SLAC

- Large effort to characterize and 
minimize systematics 

• Wealth of other astrophysics 
topics

- Dark matter from weak lensing

- Extensive map of Milky Way

- Time domain: transients and 
variable objects

- etc…

 12



T. Shutt - 2019 Grad Orientation at SLAC

Neutrinos

• Neutrinos oscillate and have mass

- First direct physics beyond the standard model

• But much not yet known

- Neutrino masses

- CP violation?  Is this the origin of mass in the 
universe?

- Dirac or Majorana?

- Other physics? e.g., sterile neutrinos
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Accelerator neutrino program

• Ongoing short baseline at 
Fermilab: MicroBooNE, 
ICARUS

• DUNE - near detector

• Event reconstruction: machine 
learning

• Electronics

• TPC design + testing
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FIG. 21. Neutrino event displays from CC⇡0 candidate detector data selected based on activity around the interaction vertex.
Left: input images to the network. Middle: track (yellow) and shower (cyan) physicist labels. Right: track (yellow) and shower
(cyan) labels predicted by the network.
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FIG. 21. Neutrino event displays from CC⇡0 candidate detector data selected based on activity around the interaction vertex.
Left: input images to the network. Middle: track (yellow) and shower (cyan) physicist labels. Right: track (yellow) and shower
(cyan) labels predicted by the network.
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At SLAC
• ATLAS

• LZ

• SuperCDMS

• Fermi-LAT

• HPS + LDMX

• LSST

• DES

• LSST

• Short baseline: MicroBooNE, ICARUS

• Dune,  T2K

• nEXO

• CMB S4
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Talk to poster presenters about office / lab visits this afternoon


