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Nuclear Recoils: Light & Charge Yields injj € -lon Recombination
At present, some of the most sensitive dark matter Pure XenOn @ 14 atm SimU|atiOnS

and neutrino-less double beta decay search experiments

ABSTRACT

use liguid Xenon as the detection medium. However, at the Us_ing a Pu/Be source of 2-6 MeV neutrons (externally tagged With 4 Mev he conlcept or ?Mtdlre_c nonaliy IE_ea?_uremlent
expense of larger volumes and bulkier containment coincident gamma ray), the O(50-100) keV xenon nuclear recoils (NR) were t’hsesﬁot”rp”ar HSGUINHILN retc':omt '”al‘('onfa Onlg
vessels, operation in the gas phase at room temperature measured with the prototype TPC [4]. S1 signals (~5-20 photoelctrons) measure re?: ;Isor'l'o( :;NdmIfr:%nfc?elgrgzri;gﬂi;da?/esr ;OQUO(; ear
and high pressure offers multiple important advantages the excitations produced by the NR while the S2 signals (~2,000-20,000 e udy thi _

o photoelectrons) measure the ionizations (through electroluminescent gain). Garfield++ using with Magboltz cross sections

and new opportunities. Molecules that enhance the o _
performance (such as in-gas wavelength shifting for As in liquid xenon, in HPXe the slope of the -
improved light measurement or columnar recombination S2 vs S1 band is larger for electron recolls 2 PRELIMINARY
enhancement for dark matter directionality measurement) than for NRs, thus providing discrimination ;A
can be easily added to the gas. Other advantages include for gamma ray backgrounds. . Y

the proven 6x (six times) better energy resolution and the

[7][8] was developed. Electrostatic interactions
between all charges (ions and electrons) are
Included. Nuclear recolls are simulated as
lonization tracks with equidistant ions at the
expected linear density (~1 ion/10nm at 10 atm).
A recombination condition requires negative total
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sizmensirasg 2ol o te TRl =gy It pure nigh- 24 energy of the electron in the potential of all the
pressure xenon and the potential of improved nuclear- \ o charges. We use the large Carver cluster (NERSC)
recoil/electron-recoil discrimination with respect to the B y N of computers.

At LBNL, as part of the NEXT Collaboration, we are == / 20 WU o,
measuring neutron-induced nuclear recoils and gamma- min i ito — Vg e 1 (PHOTONS, CORRECTED) j N R -t o
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mixtures with neon and TMA in two dedicate_d_ R&D Table for 80 keV NRs % . | ‘%
detectors to explqre these pr(_)spgcts. _In ado!ltlon we have NR 51 yield (photons/keV] oc 1 4 : . |

developed a detailed recombination simulation to assess : | .

the nuclear recoil directionality sensitivity in high-pressure Rl s o Ls K |
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Fig.13: Monte Carlo calculation of the fraction of electrons recombining along a 1

Light & Charge Yields of electrons
- micron long track with 100 equidistant ionization sites [proxy for a O(20) keV nuclear
+ recoil in 10 atm xenon] as a function of the external drift field and for the two extreme
I n e n O n = a m relative orientations between the field and the track.

Proven Performance of

High Pressure Xenon (HPXe

Using prototype Time Projection Chambers (TPCs) with
electroluminescent (EL) gain, excellent energy resolution
was obtained at high pressure (10-15 atm) in pure

Trimethylamine (TMA) is the first additive under study. Its ionization potential is
slightly lower than the first excitation energy of xenon making it a Penning-mixture
candidate. It is known to fluoresce in the ~300 nm wavelengths and reduces

. _ electron diffusion [6] through its inelastic collisions with low energy electrons. A 1. Nuclear recoils in pure high pressure xenon can

)1(3663”0”[1] - We expect 0.6% FWHM energy resolution atthe | | yajicated setup (the “TeaPot”) was built to study the charge and light yield of the be discriminated from electron recoils using S2/S1:
Xe double beta decay endpoint (2458 keV), thus Xe+TMA mixtures for a range of pressures (1-8 atm), TMA fractions (0-1%), and separation is slightly better in liquid. With our data

enabling a powerful search for the neutrino-less peak at electric fields. Using an intense and collimated 242Am source of 60 keV gamma (low light collection efficiency) we could not test the
the endpoint. In addition, the extended onization tracks of rays, DC measurements of the electrode and 4 photomultipliers (with different expectation that there is less overlap between the

the two betas of O(10cm) length can be fiducialized and optical filters) currents are made with picoammeters. bands in HPXe due to reduced recombination (and

Imaged in the TPC [2] providing rejection against gamma
rays and other background events.

thus less fluctuations).

2. Preliminary data with Xe+TMA(1%) show no sign
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*FNiM A 708 (2013) 101] 1sol k N B, of Penning transfer and no TMA-light upon
sl electron-ion recombination. No linear region of
1.0% FWHM - 1 . .
: F " 2oop ' - TMA electroluminescence is observed before
5ol - 1| |y o AN T N7 D R onset of ionization and avalanche. Other gas
871 =T ; Ouartz window mixtures are being considered.
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e | AT iy St AT Eeeen the angle between the drift field and the track. This
Opportunities with HPXe EEmmas 1 EE 8 2] F & 1 3 | is likely due to the large (~micron) distance traveled
BESSEE i EeRi Rl i I A by ionization electrons before their first collisions.
& Gas Add itives Tus)-- i.ﬁ% : | Other mixtures/pressures regions being considered
Y A 2 st Rl | for the Dark Matter directionality sensitivity.
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