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Low mass dark matter

From Cosmic Visions (1707.04591)

Many new proposed
experiments aimed at
<5 GeV/c?
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Low mass dark matter rate

R(cts/100kg/yr) for 10-4¢ cm2, |00 GeV

For low mass sensitivity, need:
(1) low threshold
(2) lighter target for better kinematic match to DM mass
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Low mass dark matter detectors

Challenge Solution
Kinematics — Match target-DM mass
Low energy depositions —» Low energy threshold
Extremely rare interaction ——, Large/scalable target mass
Environmental backgrounds —» Underground / shielding
Detector backgrounds —» Self-shielding, discrimination,
radiopurity
Impurities — Purification
Unknown particle physics —> Sensitivity to multiple interaction

types
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Low mass dark matter detectors

Challenge Solution

Kinematics —» Match target-DM mass
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HydroX: Hydrogen-doped Xenon

1. Dissolve Hz into LXe 2. Look for recolling proton
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HydroX advantages: signal yield

e Xe recoil: mxe=mxe — energy lost to heat (Lindhard) = O(20%) of energy is observable
* Hoarecoil: mp « mxe — all electronic excitations = ~100% of energy is observable
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HydroX advantages: BG mitigation

Retain self-shielding of LXe
Vetoes, water tank, intensive radio-cleanliness of L./
Fully characterized BG model from L./
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HydroX advantages: SD sensitivity

1H nat) e

For equivalent
masses of H and Xe;:

unpaired proton spin unpaired neutron spin

H has 820x more SD sensitivity per kg than natXe

In addition, use deuterium: gives both DM-p and DM-n sensitivity
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HydroX sensitivity

Assumptions:

» Signal yields from SRIM + LZ detector
model

» 2.2 kg of Hz in LXe (2.6% mol fraction)

* Proton recoil S2/S1 is ER-like
(no discrimination)

» 250 live-day exposure

SD sensitivity at low mass is unique
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R&D

» Will it work?
- What is Henry coefficient?
- Effect on signal generation (light and charge)
- Circulation and cryogenics
» Purification removes Ho
 T1 embrittlement
* Ho leakage into PMTs
- How do we calibrate?
» Ultra low energy proton recoils in LXe
» Effect on discrimination
* How do we make it work in LZ?
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Injecting H2 into LXe

« XELDA: small TPC constructed at Fermilab

» Originally for measuring ER discrimination for inner shell e-, now for H2>-doping

* One 3” PMT facing four 1” PMTs
« Gas phase circulation, inject Ho at the condenser

h &

A. Fan (SLAC) CPAD 2019 | HydroX 12



B# rgarpp - rgal_Oct_01_2019_03-04-46_P
File Edit Vi wwwww Scan Graph Head Utilities Window Help

Dnﬁéf\@ﬁ@%%%@lw@l 2 R

Injecting H2 Iinto LXe e

Torr

1.0x10

| «—— fe-5[arb] before mixing

1 0x 100 T S EEE T PR

+ Is Hz in the liquid? e T —— -

1.0x10® e R s e e e

* YES, though hard to say how much

10 D B e T L L1 LUTETINIEREERRIEY S SRR B S PSRRI ! S

* Measure Ho In gas space after iﬂjeCtiOn, OO || T 1l Jil TR u

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33353739414345474951 93 35 37 39 61 63 65 67 69 71

before and after inducing mixing e o =a
- : 85502 toBmuo B k-2 “esnoalLLn Eereo
(circulating) pefeofo ey PP ev RS rement

Torr

- H2 level in gas space goes down,
(by factor 2-3) = Haz is in the LXe

1.0x107" 3§

1.0x10° 3§

1.0x10° 3§

1.0x10"° =

1.0x10™"
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71
mass

A. Fan (SLAC) CPAD 2019 HydroX | 13



Injecting H2 into LXe

 TPC still working!

« S1s and S2s still being produced and can see them
* Loss of S2 yield (as predicted)
 Possible decrease in S1 yield (~10%)
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- SLAC System Test ‘
S2 ~measurement setu |

Immediate next steps

XELDA Run 2

* Improved gas analysis
* Inject more Ho

» S1-only mode to measure S1 loss more carefully

« S2s difficult to measure well in XELDA setup with Ho

H2>+GXe at SLAC
» Use SLAC System Test in room temperature gas-only mode

» Used extensively for electron emission studies
(see R. Mannino’s talk)

» Measure effect on S2 yield more carefully

A. Fan (SLAC) CPAD 2019 HydroX 15



Low energy recoil calibration

» Classic neutron scattering setup: scattering angle gives recolil energy
* Low energy neutron source: 24 keV neutrons from 1245b-°Be source

» TPCs for both target and neutron tagger
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Cryogenics and circulation with Ho-doped Xe

* LZ purifier will remove H2 — Inject and remove H2 continuously, around purifier
* Options for removing Ho:
* Distillation column

—» Gas Xe path

* Sparging Iy
- Test at O(100 kg) of Xe using SLAC System Test A variabe contolva

To/From 222Rn removal
To/From Main Circulation Loop

l | s
A il

- Cold head w/ heater T

Outer Cryostat Vessel
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Summary

* Many new searches for low mass dark matter
* HydroX Is a novel new effort
» Hydrogen-doped LXe
 Optimize kinematic matching for low mass DM (0.1-5 GeV/c?)
S| and SD sensitivity
» Leverage success of conventional LXe TPCs
* R&D needed; already underway
* First proof that TPC works with Ho+Xe
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The original HydroX
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Backup
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Low mass dark matter detection
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Solubility in LXe

* Dissolving H2 in LXe has not
previously been done

« But lots of other stuff has
« | Xe Is an efficient solvent
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keV Iron Neutron source (keVIN)

» 1245pb-9Be source gives 24 keV neutrons + gammas
» Surround source with Fe: stops gammas and passes neutrons (“notch” at 24 keV)
» Alternate configuration to get 2 keV neutrons;

» Degrade neutron energy down with poly

» Exploit 2 keV notch in scandium (21Sc)

Poly
Fe Poly

Fe
energy degrader

Sb-Be y-n source
~24 keV neutrons

Sb-Be y-n source
~24 keV neutrons

.
n

Sc conduit
~2 keV neutrons
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