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NITEC: 
a Negative Ion Time Expansion Chamber for 

directional dark matter searches
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Men are from Mars, Women are from Venus !
.....and WIMPs are from Cygnus :)
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A very powerful observable
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NO BACKGROUND can mimic a directional correlation 
with an astrophysical source
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Gaseous Directional Detectors

you need a (low 
pressure) gas detector 
in order to observe a 
nuclear recoil track

Gas Typically allow for low energy thresholds 
Gaseous detectors easily allow for different targets: just fill with different gas 
Directionality allows to perform WIMP astronomy and constraint WIMP 
properties 
Directional gaseous detectors potentially provide the best observables of any 
DM experiment: 

total charge collected indicates energy of the recoil 
comparison b/w track path and energy provide excellent rejection of alphas and electrons 
the track itself indicates the axis of the recoil 
measurement of charge (and dE/dx) along the path allows to infer the sense of direction 

much more efficient means to actively suppress 
background than any other experimental approach
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Gaseous Detectors Particle Identification
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Direction
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3D track reconstruction, possibly with sense determination (not available to all 
experiments and for most limited > 100 keVnr) 

Lowest possible energy threshold (current >= 50 keVnr w/ directionality, >=20 
keVnr without) 

Possibility to be scaled to large active mass with low costs (all except DRIFT 
limited to <= 25 cm drift length) 

Current experimental challenges

Gaseous Directional Detectors
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Negative Ion Time Projection Chamber ---> to overcome conventional TPC volume 
limitations (~> 50 cm drift length) and improve position and energy resolution 

Triple GEM amplification with pixelated readout ---> for the state of the art 
spatial, time and energy resolution (sense determination via charge and dE/dx 
measurement along path) 

Explore the use of Nitromethane (CH3NO2), recently suggested as a more 
benign, lower Z electron capture agent --> possibility of using NITEC as X-ray 
polarimeter in the 1-10 keV band or neutrinoless double beta decay detector and 
easier gas handling 

NITEC main features:

Gaseous Directional Detectors
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Negative Ion concept
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Mixture of target gas + electronegative 
gas (typically CS2) 

Primary ionization electrons are 
captured by the electronegative 
molecules at O(100) um 

Anions drift to the anode (where normal 
electron avalanche multiplication occur) 
acting as the effective charge carrier 
instead of the electrons 

Thanks to the much higher anions mass 
w.r.t. electrons, longitudinal and 
transversal diffusion can be reduced to 
thermal limit w/out any magnetic field 

< 0.5 mm diffusion achieved over 
0.5 m drift length (NIM A 440 355, NIM A 463) 
w.r.t. 10 mm obtained with 
electrons
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GEMPix

https://web2.infn.it/GEMINI/index.php/gempix-detector

https://web2.infn.it/GEMINI/index.php/gempix-detector
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GEMPix performances
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5ns time resolution, 200 um spatial resolution, sensitivity to single ionization cluster, 
possibility to measure time AND charge for each pixel cluster at the same time

Possibility of customizing GEMPix to our needs for the full length prototype in 
collaboration with LNF electronic department, starting from the results of 

Phase I (see later)
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Negative Ion + GEMPix = NITEC
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At moderately high reduced fields, anions drift at about 100 m/s, compared to about 
104 m/s for electron in typical atmospheric pressure drift chamber conditions 

Excellent GEMPix time, energy and spatial resolutions 

Slow anions speed + typical separation of primary ionization clusters in gas + GEMPix 
performances = Time Expansion Chamber 

Single ionization clusters drift slowly and can be individually observed with high precision: 
a relative time expansion between ionization process and signal readout has effectively 
been achieved 

Single ionization cluster observation can provide excellent dE/dx information, 
improved position resolution and possibility of superior energy resolution for low 
energy radiation (< 1 keV) 

“The Time Expansion Chamber and single ionization measurement” (A.H.Walenta, IEEE TNS 26 73)	

“Suppressing drift chamber diffusion without magnetic field” (C.J.Martoff et al, NIM A 440)

We believe that all these features combined will allow low energy threshold 
(~< 30-50 keVnr) and good 3D track reconstruction WITH directionality
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Nitromethane is more benign and 
less dangerous than CS2 

With Nitromethane, NITEC could 
be used also as  

X ray polarimeter @ 1-10 keV (lower Z 
gases produce clearer signals) 

Ultra high energy resolution (~0.005 
FWHM) NITEC for neutrinoless double 
beta decay (better E.A.)

Nitromethane as alternative electron capture agent
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CS2 CH3NO2

Already in contact with DRIFT 
community, who provided us with 

their gas system specifics and safety 
issues
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Staged Approach
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Full experiment project & simulation

https://web2.infn.it/
GEMINI/index.php/

compact-tpc

3 x 3 cm

10 x 10 cm

https://web2.infn.it/GEMINI/index.php/gempix-detector
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Staged Approach

BTF @ LNF

XLAB @ LNF

BTF & XLAB measurements fundamental in order to asses small and full length prototypes 
overall performances and response to signal-like (n@BTF) and background-like particles

XLAB @ LNF

XLAB @ LNF

BTF @ LNF
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Measurements @ BTF
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Measurements of spatial, time and energy resolution of the detector 

We have very long signal (slow ion drift) <---> we would need to optimize bunch length 
and repetition rate for our tests 

We look for very low energy processes <---> we would benefit from lower energy 
positrons/electrons/photons  

n@BTF pivotal for measuring detector response to signal-like particle: neutrons are 
just lighter WIMPs :)  

In particular, crucial 3D track reconstruction, angular resolution and sense determination as a 
function of the energy threshold 

In this respect, we would highly benefit from tagging the outgoing neutron and measuring its 
final direction and from a very precise knowledge of its energy 

Already in contact with BTF community for future improvements and 
upgrade of the infrastructure (see NITEC talk at First BTF Users Workshop)

https://agenda.infn.it/conferenceDisplay.py?confId=7359

https://agenda.infn.it/conferenceDisplay.py?confId=7359
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Costs & Manpower
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SIR Contract
Contract for PI for 3 years @ LNF 
Contract for Postdoc for 3 years @ LNF 
18 person-months by permanent and 
temporary employees 

Dr. G. Bencivenni, Dr. D. Domenici, Dr. F. Murtas 
Total of 90 person-months for full project 

Budget to (fully) cover the project: 
Gas system, laser calibration system, PCs, DAQ 
Full length prototype fabrication and operation 
(GEMPix, vessel, HV system, vacuum pump) 
Travel & conferences 

~ 800 kEUROs budget

Rita Levi Montalicini Contract

Will apply also to Group 5 call for 
young scientists and Marie Curie

Awaiting for evaluation

Contract for PI for 3 years @ University 

Either Roma La Sapienza or Roma 3 or L’Aquila 
Possibility to be hired as assistant professor after 

55k EUROs budget (on top of PI contract) 

Laser calibration system, PCs & DAQ 
Travel & conferences 

Full endorsement from LNF with availability for use 
of LNF resources and facilities for prototype 
realization and tests 
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Not only DM: alternative NITEC applications
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X ray polarimetry
A photoelectron is emitted preferentially 
aligned with the electric field of the 
incident photon 

Measurement of photoelectron direction 
provide information on photon polarization state 

Very few measurements of X ray 
polarization 
Can probe exotic astrophysical processes 
with the strongest gravitational and 
magnetic fields 
The community has just started to explore 
the use of NITPC (with Ne) [arXiv:1107.3079]

A NITEC capable of counting each primary 
free electron liberated in a Xe gas by an 
ionizing event, will approach the intrinsic 
fluctuations in the conversion of energy to 
ionization [D.Nygren, JPCS 65 012003] 

Even with counting efficiency significantly 
less than 100%, a 5 x 10-3 FWHM energy 
resolution could be achieved 

First tests with a 17 bar Xe conventional TPC 
show very encouraging results (1% FWHM) [A. 
Goldschmidt et al, IEEE NSSCR 1409]

Neutrinoless double beta decay searches
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Domande per il Gdl: 
possiamo puntare a 

WIMP di qualche GeV?
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A close cousin: D3 experiment
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arXiv: 1110.3444 
arXiv: 1110.3401
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D3 prototype performances
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D3 expected sensitivity
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arXiv: 1110.3444

Directional sensitivity to low masses AND non directional sensitivity to VERY LOW masses
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Domande per il Gdl: 
e’ possibile battere il 

fondo di neutrini?
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Beyond Neutrino Bound

from DMTPC collaboration @ TeVPA/IDM 
Conference in Amsterdam
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What happens after 3 years?
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Further larger prototype(s) with improved (larger pixels, lower costs) readout in order 
to get to a full experiment (1-3 m3) to be hosted in Gran Sasso Laboratories in ~ 5 
years  

Development and optimization of NITEC for alternative applications (HPXe for 
neutrino-less double beta decay searches my first choice, X-ray second one) 

Exploitation of NITEC full length prototype to study columnar recombination effect  in 
order to explore the possibility of using this technique for a HP gas (or even liquid) next 
generation directional DM detector 

…and then lets’ see what’s next :) 

…I am an optimist, am I not? :D

Message is: we want to develop a Negative Ion TPC with GEMPix readout 
and study which is its best application (in my heart, directional DM searches)

lots of questions to be answered 
still, but extremely interesting
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Backup slides
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Current enigmatical experimental situation
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CDMS, arXiv:1304.4279; 
COGENT, arXiv:1208.5737v3; 
CRESST-II, EPJ C72:1971; DAMA/
LIBRA, JCAP 0904:010	

!
D. Hooper et al, PRD, 84 123005

Claims for detection

LUX, arXiv:1402.3731

SuperCDMS, arXiv:1402.7137

Inconsistent exclusion limits
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Quenching Factor
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from MIMAC collaboration measurement @ LPSC Grenoble
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DRIFT
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DRIFT IId Upgrades
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DRIFT III
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DRIFT Goals
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PLEASE NOTE: only DRIFT has directionality in these plots
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Latest R&D 
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from people in DRIFT collaboration
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Performances
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from people in DRIFT collaboration
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Other gaseous directional detectors
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Columnar Recombination in HPXe

D.R.Nygren 
J.Phys.Conf.Ser. 460 (2013) 012006
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Columnar Recombination in HPXe

D.R.Nygren 
J.Phys.Conf.Ser. 460 (2013) 012006


